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ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM 
I. INTRODUCTION 
This r e p o r t  covers  t h e  period f r o m  January 15, 1968, t o  A p r i l  15, 
1968. The primary t a s k  of t h i s  program i s  t o  f a b r i c a t e ,  ope ra t e  f o r  
10,000 hours,and eva lua te  a T-111 Rankine System Corrosion Tes t  Loop. 
Mate r i a l s  f o r  eva lua t ion  inc lude  t h e  containment a l l o y ,  T-111 (Ta-8W-2HF), 
and t h e  t u r b i n e  candida te  ma te r i a l s ,  Mo-?zC and Cb-l32M, which a r e  
loca ted  i n  t h e  t u r b i n e  s imula to r  of  t h e  two-phase potassium c i r c u i t  of 
t h e  system. The loop des ign  w i l l  be s i m i l a r  t o  t h e  Cb-1Zr Rankine 
System Corrosion Tes t  Loop; a two-phase, forced-convection, potassium 
co r ros ion  test  loop which has  been developed under Cont rac t  NAS 3-2547. 
Lithium w i l l  be heated by d i r e c t  r e s i s t a n c e  i n  a primary loop. Heat 
r e j e c t i o n  for condensation i n  t h e  secondary potassium loop w i l l  be 
accomplished by r a d i a t i o n  i n  a high-vacuum environment t o  t h e  water- 
cooled chamber. The compa t ib i l i t y  of t h e  selected m a t e r i a l s  w i l l  be 
eva lua ted  a t  condi t ions  r e p r e s e n t a t i v e  of space e l e c t r i c  power system 
ope ra t ing  condi t ions ,  namely; 
a .  
b .  
C .  
d. 
e .  
f .  
g. 
h.  
Boi 1 ing  temperature  , 20 50 OF ; 
Superheat temperature ,  2150'F; 
Condensing temperature,  1400'F; 
Subcooling temperature ,  1000°F; 
Mass flow r a t e ,  40 lb /hr ;  
B o i l e r  e x i t  vapor v e l o c i t y ,  50 f t / s e c ;  
Average hea t  f l u x  i n  plug (0-18 inches) ,  240,000 BTU/hr f t  ; 
Average hea t  f l u x  i n  b o i l e r  (0-250 inches) ,  23,000 BTU/hr f t  . 
2 
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I n  add i t ion  t o  t h e  primary program t a s k  c i t e d  above, the  program 
a l s o  inc ludes  capsule  t e s t i n g  t o  e v a l u a t e  advanced tantalum a l l o y s  of 
t h e  ASTAR 811 type (Ta-8W-lRe-lHf) i n  both potassium and l i t h ium.  
Also included in the program are the fabrication, 5000-hour opera- 
tion, and evaluation of a 2600°F, high-flow velocity, pumped-lithium 
loop designed to evaluate the compatibility of the ASTAR 811-type alloys, 
T-111, T-222, and the tungsten alloy, W-25Re-30Mo. 
2 
11. SUMMARY 
The instrumentation and installation of the T-111 Rankine System 
Corrosion Test b o p  was completed. 
The test loop was filled with alkali metal and the low-power, all- 
liquid pretest operation, which includes the checkout and calibration 
of the loop instrumentation, was completed. 
Boiling and condensing operation was initiated, but the design 
operating conditions were not reached due to a leak in the potassium 
b e i l a r ,  Ths Rnsp wag drainQd a f  alhir21 met;okl and pians are now being 
preptlrsd far the rapair s i  the bei l ,  
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I I I. PROGRAM STATUS 
A .  T-111 RANKINE SYSTEM CORROSION TEST LOOP 
1. Ins t rumenta t ion  and I n s t a l l a t i o n  of  t h e  T-111 Corrosion Tes t  Loop 
The T-111 Rankine System Corrosion Tes t  Loop i s  shown i n  F igure  1 
a f t e r  t h e  loop thermocouples were i n s t a l l e d  but  before  t h e  loop was 
t r a n s f e r r e d  from t h e  c l ean  room t o  t h e  vacuum chamber system. The loca-  
t i o n s  and des igna t ions  of  t h e  70 thermocouples which were i n s t a l l e d  on 
t h e  loop a r e  shown i n  F igure  2. 
A t y p i c a l  thermocouple c i r c u i t  o r i g i n a t e s  a t  t h e  h o t  j u n c t i o n  of 
t he  thermocouple as  shown i n  F igure  3 f o r  t h e  tube-in-tube b o i l e r  thermo- 
couples .  The thermocouple l eads  a r e  routed along t h e  support  s t r u c t u r e  
t o  a thermocouple r e fe rence  junc t ion  block a t tached  t o  t h e  i n s i d e  w a l l  
of t h e  spool  s e c t i o n .  The thermocouple r e fe rence  j u n c t i o n  block shown 
i n  F igure  4 c o n s i s t s  o f  a 99.7% A1203 t e rmina l  s t r i p  mounted on a copper 
block and mechanically fas tened  t o  t h e  w a l l s  of t h e  chamber. The e n t i r e  
assembly i s  sh ie lded  from t h e  loop t o  minimize temperature  g r a d i e n t s  i n  
t h e  j u n c t i o n  block a s  w e l l  a s  maintain a lower abso lu te  temperature  
approaching t h a t  of t h e  water-cooled vacuum tank wal l .  A t  t h e  re ference  
j u n c t i o n  block, a t r a n s i t i o n  from t h e  thermocouple w i r e  t o  copper w i r e  
i s  made, and t h e  copper w i r e s  a r e  routed through t h e  thermocouple vacuum 
feedthroughs (shown i n  Figure 5) t o  t h r e e  24-point record ing  potentiom- 
e ters .  The temperature  of t h e  thermocouple r e fe rence  j u n c t i o n  block 
w i l l  be measured by W-3Re/W-25Re thermocouples and w i l l  be e l e c t r i c a l l y  
connected t o  t h e  record ing  c i r c u i t  a s  shown i n  F igure  2 t o  au tomat ica l ly  
compensate for v a r i a t i o n s  i n  t h e  r e fe rence  block temperature  during 
ope ra t ion ,  
Thermal i n s u l a t i o n  c o n s i s t i n g  of m u l t i p l e  l a y e r s  of Cb-1Zr f o i l  
was s imultaneously appl ied t o  t h e  loop a s  t h e  thermocouples were i n s t a l l e d .  
The i n s u l a t i o n  used on a l l  c i r c u l a r  p ipe  s e c t i o n s  was 0.002-inch t h i c k  x 
0.5-inch w i d e  f o i l  which had been dimpled by pass ing  t h e  f o i l  between 
a hardened-steel ,  coarse-knurled r o l l e r  working aga ins t  a hard p l a s t i c  
s h e e t .  The e f f e c t i v e  th i ckness  of t h e  f o i l  a f t e r  dimpling was between 
0.009 t o  0.012 inch.  The i n s u l a t i o n  was a t tached  t o  t h e  tube  by spo t  
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Figure 3. Thermocouple Installation on the Tube-in-Tube Helical 
Boiler of the T-111 Rankine System Corrosion Test Loop. 
(Orig . C68013186) 
9 
Lead Wires t o  
Feedthrough Flanges 
- -  
Figure 4. Thermocouple Wire Terminals (192 Total) Located in the Sump 
of the Test Chamber f o r  the T-111 Rankine System Corrosion 
Test Loop. (Orig. C65062196) 
10 
11 
welding t h e  f o i l  t o  t h e  tube  and t o  i t s e l f  a s  succeeding l a y e r s  were 
appl ied  a s  shown i n  F igure  6. A minimum number of spo t  welds were used  
t o  minimize conduction h e a t  l o s s e s  through t h e  f o i l .  A molybdenum 
e l e c t r o d e  was s u b s t i t u t e d  f o r  t h e  copper spo t  we lde r  e l e c t r o d e  t o  avoid 
contaminat ion of the  f o i l  su r f aces  wi th  copper and an argon cover  gas  used 
t o  p r o t e c t  a l l  welded a reas  from oxida t ion .  
The loop i s  shown i n  t h e  c l ean  room a f t e r  completion of t h e  i n s t r u -  
mentat ion and i n s u l a t i o n  i n  F igure  7. The plywood p a l l e t  on which t h e  
spool  s e c t i o n  and loop rested was l i f t e d  by a fo rk  t ruck  and held above 
t h e  vacuum sump whi le  t h e  b e l l  j a r  was lowered and then  bol ted  t o  the  
spool  f l ange .  The b e l l  j a r  and t h e  a t tached  spool  s e c t i o n  were r a i s e d  
toge the r  o f f  t h e  p a l l e t  and then  lowered t o  t h e  sump fo l lowing  removal 
of the  p a l l e t .  The f l anges  were bol ted  t o g e t h e q a n d  t h e  vacuum chamber 
was evacuated and helium l eak  checked. This  sequence was requi red  to  
ensure  a leak  t i g h t  j o i n t  between t h e  sump and lower spool  f l a n g e  because 
t h e  spool  becomes f ixed  i n  p o s i t i o n  when t h e  EM pump windings f o r  t h e  
two pumps a r e  a t tached  t o  t h e i r  spool  f l a n g e s  and t h e  gas p r e s s u r i z a t i o n  
and l i q u i d  metal  f i l l  l i n e s  a r e  welded t o  t h e i r  spoo l  p i e c e  p o r t s .  
Upon completion of t h e  helium l eak  check, t h e  vacuum system a i r  
r e l e a s e  va lve  was opened and t h e  ch r was re turned  t 
p res su re .  The b e l l  j a r  was ho i s t ed  i n t o  t h e  penthouse above t h e  chamber, 
and t h e  f i n a l  ins t rumenta t ion  and t h e  i n s t a l l a t i o n  of loop components, 
which could only  be completed w i t h  t h e  loop i n  i t s  f i n a l  test  p o s i t i o n ,  
were resumed. 
The meter ing and on-off i s o l a t i o n  va lves ,  as  shown i n  F igure  8, 
were assembled wi th  t h e i r  a c t u a t i n g  systems which c o n s i s t  of u l t r a -  
h igh  vacuum r o t a r y  feedthroughs(a)  w i th  a torque r a t i n g  f o  6 f t - l b s  
connected by a 0.31-inch diameter  f l e x i b l e  s t a i n l e s s  steel cab le  t o  a 
3 : l  r i g h t  angle  gea r  d r i v e  mounted on t h e  va lve  yoke. 
A 500-watt qua r t z  lamp hea te r , (b )  shown i n  F igure  9, was i n s t a l l e d  
on t h e  s h e l l  of t h e  l i t h ium surge tank t o  supplement t h e  vacuum chamber 
(a) 
(b) 
12 
Varian Assoc ia tes ,  Model N o ,  954-5039. 
General Electric Model 500T3CL, 117 V 
Figure 6. Typical Cb-1Zr Dimpled Foil Thermal Insulation of Various Loop 
Components. (Orig. C68013191) 
13 
Figure 7. T-111 Rankine System Corrosion Test Loop Following Instrumentation 
in the Clean Room. (Orig C68013197) 
14 
Figure 8. Metering Valve and Isolation Valves - T-111 Rankine System Corrosion 
Test Loop. (Orig. C68013184) 
15 
Figure  9. Aux i l i a ry  Quartz Lamp Heater Used on t h e  Lithium Surge Tank - T-111 
Rankine System Corrosion T e s t  Loop, (Orig. C68013196) 
16 
bakeout h e a t e r s  i n  me l t ing  t h e  l i t h i u m  i n  t h e  su rge  tank a f t e r  a loop 
shutdown. The h e a t e r  w i l l  a l s o  be used du r ing  low power ope ra t ion  
t o  maintain t h e  surge tank above t h e  melt ing p o i n t  (m.p. 357°F) of 
l i t h ium when the  bakeout h e a t e r s  a r e  o f f .  
The a d j u s t a b l e  condenser s h i e l d  assembly, a s  shown i n  Figure 10, 
was t h e  l a s t  component t o  be i n s t a l l e d .  The s h i e l d  i s  actuated by a 
rack and spur  gear  d r i v e  system and c o n s i s t s  of e i g h t  movable s h i e l d  
f i n s  constructed of Cb-1Zr. A view of t h e  lower s e c t i o n  of t h e  tes t  
loop i s  shown i n  Figure 11. 
2. P r e t e s t  Operation of t h e  T-111 Rankine System Corrosion T e s t  Loop 
a .  Vacuum Chamber Pumpdown. The 48-inch diameter  vacuum 
chamber b e l l  j a r  was lowered over t h e  T-111 Corrosion Test  Loop and 
bo l t ed  t o  t he  spool  s e c t i o n  on February 14, 1968. The vacuum chamber 
was roughed pumped wi th  t h e  turbomolecular pump t o  1 x 10 torr before  
t h e  g e t t e r - i o n  pump was turned on. Although Varian Associates ,  t h e  
manufacturer of t h e  test chamber and pumping system, recommends th.at 
t h e  ion-pump be turned on when the  vacuum chamber p r e s s u r e  i s  below 
15 x t o r r ,  it has been found t h a t  w i t h  t h e  heavy outgassing load 
-3 
on - h e a t s  and w i l l  n o t  confine t h e  "glow 
X . The "glow d i s  period 
i s  as soc ia t ed  w i t h  t h e  high p res su re  o p e r a t i o n  (5 t o  20 x 10 t o r r )  
when t h e  g e t t e r - i o n  pump vo l t age  i s  low (approximately 200 v o l t s ) ,  t h e  
c u r r e n t  i s  high, and t h e  pumping speed i s  low. During t h e  per iod of t h e  
-3 
glow discharge,"  e l e c t r i c a l  d i scha rges  having a peak p o t e n t i a l  of 300 I 1  
v o l t s  have been measured, a d  t h e  e l e c t r i c a l  d i scha rge  can cause damage 
to  e l e c t r o n i c  c o n t r o l s  t h a t  a r e  no t  grounded or disconnected during 
t h i s  pe r iod .  
I f  A f t e r  confinement of t h e  "glow discharge,  t h e  pumpdown proceeded 
t o  lom6 t o r r  range. The -4 slowly, and t h e  p r e s s u r e  remained i n  t h e  10 
pumpdown was a c c e l e r a t e d  by t u r n i n g  t h e  ion-pump power off and on again 
a f t e r  a few minutes t o  al low t h e  ion-pump t o  cool. During. these pe r iods  
when t h e  p r e s s u r e  remains cons t an t  or even inc reases ,  i t  i s  bel ieved 
t h a t  gases ,  e s p e c i a l l y  t h e  i n e r t  gases ,  a r e  being evolved from t h e  ho t  
ion-pump a t  a h ighe r  r a t e  t han  t h e  ion-pump pumping speed. 
17 
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During t h e  next  s e v e r a l  days,  a number of l e a k  checks were made of 
a l l  feedthroughs and vacuum chamber f l anges .  A small  l eak  was found i n  
the  main f l a n g e  which was subsequent ly  sea l ed  by re torqueing  a l l  the  
b o l t s  t o  175 f t - l b s .  
A i r  coo l ing  duc t s  were i n s t a l l e d  on t h e  main f l a n g e s  s i n c e  previous 
tests had shown t h a t  t h e  48-inch diameter  Wheeler f l a n g e  would develop 
l e a k s  when thermal ly  cyc led  dur ing  the  bakeout per iod.  The a i r -cooled  
f l a n g e s  were maintained i n  t h e  90°F t o  120°F temperature range wh i l e  
the  remainder of t h e  vacuum chamber was baked out  a t  500'F. (A 
d e s i r a b l e  f e a t u r e  of vacuum chambers of t h i s  type  would be a p ropor t iona l  
h e a t e r  c o n t r o l l e r ,  r a t h e r  than the on-off c o n t r o l l e r  suppl ied  wi th  t h e  
sys t em,  which would permit a c o n t r o l l e d  hea t ing  and coo l ing  rate f o r  
t h e  main f l a n g e  and a l s o  provide b e t t e r  c o n t r o l  ove r  t h e  ou tgass ing  r a t e  
of t h e  loop  a t  t h e  s t a r t  of t he  bakeout per iod . )  
The vacuum chamber p re s su re  a t  t h e  s ta r t  of t h e  bakeout per iod  was 
4 .8  x t o r r .  The b e l l  j a r  bakeout h e a t e r s  were t h e  f i r s t  t o  be turned 
on, followed by t h e  spool  s e c t i o n  h e a t e r s  and then  t h e  sump h e a t e r s  a s  
t h e  i n i t i a l  ou tgass ing  r a t e  decreased and the  ge t t e r - ion  pump could 
handle  t h e  gas  load  without  overhea t ing .  The vacuum chamber p re s su re  
-6 i nc reased  t o  t h e  10  t o r r  range dur ing  t h i s  per iod.  Af t e r  t h e  vacuum 
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er  p r e s s u r e  r e tu rned  i n t o  t he  10 t o r  ge,  t h e  EM pump 
turned  on a t  10% of t h e  r a t e d  power t o  induc t ive ly  hea t  t h e  pump duc t s  
and t h e  i n s u l a t i o n  cans t o  a c c e l e r a t e  t h e i r  ou tgass ing  r a t e .  A l o g  of 
t h e  p re s su re  dur ing  bakeout i s  presented  i n  Table  I. 
b. F i n a l  Helium Leak Check of t h e  T e s t  Loop, The T-111 Corrosion 
T e s t  Loop w a s  helium l e a k  checked a f t e r  t h e  f i n a l  assembly weld was 
made. N o  i n d i c a t i o n  of a l eak  was observed a t  t h i s  t i m e ,  A f i n a l  l eak  
check of t h e  t es t  loop  was completed on February 24, 1968, a f t e r  t h e  
loop  was i n s t a l l e d  i n  t h e  vacuum chamber and dur ing  bakeout p r i o r  t o  
f i l l i n g  t h e  loop  w i t h  a l k a l i  metal. The f i n a l  l eak  check was made us ing  
the  p a r t i a l  p re s su re  gas  ana lyzer  of t h e  48-inch diameter  vacuum chamber 
s y s t e m  which i s  used t o  measure t h e  r e s i d u a l  gas  i n  t h e  vacuum chamber 
dur ing  test ope ra t ions .  The l e a k  check was made by comparing t h e  argon 
background l e v e l  i n  t h e  vacuum chamber with t h e  loop  evacuated and 
wi th  an i n t e r n a l  argon p res su re  of 18 ps i a .  N o  change i n  t h e  argon 
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TABLE I 
PRESSURE LOG 
Date 
2-16 
2-17 
2-18 
2-19 
2-20 
2-21 
-.c.---- 
3- 
Hours On 
0 
24 
48 
72 
96 
120 
168 
192 
4 
4.8 x lo-$ 
3.5 x lo-6 
1,a x lo-6 
3.0 10"' 
3.0 IO-' 
3 . 6  IO-' 
2.3 
2.7 x 1om7 
1.3 
 PO-^ 
2.5 x lop6 
1.0 x 10"' 
1.8 x 10"' 
4 , o  16 10- 
Temperature Remarks 
Room Temperature Prior to s tart ing  bakeout 
380'F Bell jar bakeout only 
408'F Spool and sump b 
400°F 
4 8O0F 
40'F 
40O0F 
40'F 
400°F 
4 OQ°F 
40'F 
Power to EM pump 
loop 
background l e v e l  was found dur ing  t h e  p r e s s u r i z a t i o n  of t h e  loop wi th  
argon.* The t o t a l  p re s su re  i n  t h e  vacuum chamber dur ing  t h e  l eak  check 
remained a t  3 x 10 t o r r .  -7 
The f i l l i n g  and f l u s h i n g  of t h e  loop c i r c u i t s  and t h e  sampling of 
t he  a l k a l i  metals  i s  descr ibed i n  Sec t ion  B of t h i s  r e p o r t .  
c .  Checkout and C a l i b r a t i o n  of t h e  Loop Ins t rumenta t ion .  The 
only  major problem encountered i n  t h e  equipment checkout was.with t h e  
25 KVA vo l t age  s t a b i l i z e r  which was added t o  t h e  power supply r e c e n t l y  
t o  maintain a cons t an t  vo l t age  t o  the  test  system. During t h e  check- 
ou t  of t h e  h e a t e r  power supply,  one phase of t h e  three-phase system 
was overloaded r e s u l t i n g  i n  a blown f u s e  i n  t h e  vo l t age  s t a b i l i z e r .  
A recheck of t h e  loop power requirements  showed t h a t  t h e  vo l t age  s t a b i -  
l i ze r  d id  n o t  have s u f f i c i e n t  capac i ty  f o r  t he  t o t a l  power inpu t  and 
was disconnected from t h e  c i r c u i t .  The checkout of  t h e  test equipment 
and loop ope ra t ion  continued without  a vo l t age  s t a b i l i z e r  u n t i l  an 
a v a i l a b l e  100 KVA vo l t age  s t a b i l i z e r  was i n s t a l l e d .  
The c a l i b r a t i o n  of a l l  p re s su re  senso r s  was repeated w i t h  t h e  
loop  f i l l e d  wi th  potassium a t  500°F and t h e  vacuum chamber on bakeout. 
The p res su re  senso r s  were o r i g i n a l l y  c a l i b r a t e d  a t  room temperature  
w i t h  argon before  t h e  loop was f i l l e d  wi th  a l k a l i  metal. All pressifre 
s enso r s  showed good l i n e a r i t y  and e x c e l l e n t  r e p e a t a b i l i t y  over t h e  
ope ra t ing  range.  The c a l i b r a t i o n  resul ts  f o r  t h e  s l a c k  diaphragm 
pres su re  t r ansduce r  No.  1 (potassium pump o u t l e t )  a r e  shown i n  F igure  12 
and a r e  t y p i c a l  of t h e  r e s u l t s  obtained f o r  t h e  o t h e r  f o u r  s l a c k  
diaphragm t r ansduce r s .  
The c a l i b r a t i o n  of t h e  f a s t  response stressed diaphragm pres su re  
t r ansduce r  w i t h  potassium p r i o r  t o  t h e  t es t  s t a r t u p  i s  shown i n  F igure  
13. The temperature  of t h e  t r ansduce r  du r ing  t h e  l i q u i d  metal c a l i b r a -  
t i o n  was 400°F. 
*NOTE: Although a l eak  check ac ross  the w a l l  s e p a r a t i n g  t h e  potassium 
and l i t h ium regions  of  t h e  tube-in-tube b o i l e r  was performed fo l lowing  
f a b r i c a t i o n  of t h i s  component, no l eak  check of  t h i s  type  was performed 
fo l lowing  i n s t a l l a t i o n  i n  t h e  t es t  f a c i l i t y .  I t  i s  recommended t h a t  a 
check of t h e  l a t e r  t ype  be considered mandatory f o r  systems of  t h i s  
type  i n  t h e  f u t u r e .  
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After  c o m p I ~ t i a n  o f  t he   bration ion tests, the, Isaog safe ty  c i r c u I t g  
were checked and set according t o  the  procedures out l ined  i n  the  test  
(3) plan.  
‘A’ Affel ,  R.  G. ,  Burger, G .  H,, and Pearce, C. L., Cal ibra t ion  and 
(2) 
Progress Report N o ,  8 for Period Ending J u l y  15, 1965, NASA 
Contract NAS 3-2547, NASA-CR-54843, November 23, 1965, p. 25. 
(3) Advanced Refractory Alloy Corrosion Loop Program, Test Plan for , NASA Contract NAS 3-6474, 
25 
TABLE I1 
RESULTS OF CALIBRATION(a) OF W-3Re/W-25Re THERMOCOUPLES I N  THE BOILER 
SECTION OF THE T-111 RANKINE SYSTEM CORROSION TEST LOOP 
Thermocouple 
No. 
Temperature 
OF (b) 
Location 
Inches From Boiler E x i t  
B1 
B2 
B3 
B4 
J35 
B6 
B7 
B8 
B9 
B10 
B11 
B12 
B13 
B14 
B15 
B16 
B17 
B18 
B19 
B2 0 
B21 
B2 2 
B23 
B24 
905 
9 03 
9 02 
9 03 
916 
914 
914 
914 
910 
9 08 
9 08 
908 
9 08 
908 
9 08 
9 08 
914 
914 
914 
911 
909 
9 09 
9 08 
908 
0 
2 
4 
6 
9 
12 
15 
18 
30 
43 
55 
68 
80 
93 
105 
118 
130 
143 
155 
168 
180 
193 
205 
218 
(a )  Cal ibra t ion  test conducted with a l i t h i u m  flow of 2.0 gpm i n  t h e  
(b) Lithium exi t ,  potassium i n l e t .  
primary c i r c u i t  and no potassium i n  t h e  secondary c i r c u i t .  
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3. Operat ion of t h e  T-111 Rankine System Corrosion T e s t  Loop 
The b o i l i n g  and condensing ope ra t ion  of t h e  T-111 Corrosion Tes t  
Loop was s t a r t e d  on March 11, 1968, a f t e r  completion of t h e  checkout 
of  t h e  loop c o n t r o l  and s a f e t y  c i r c u i t s .  The test loop had completed 
one week of ou tgass ing  wi th  a l l  l i q u i d  ope ra t ion  and w a s  a t  the test  
cond i t ions  l i s t e d  below a t  t h e  s tar t  of t he  b o i l e r  and condensing 
o p e r a t  i on  : 
Vacuum Chamber P res su re  4 x t o r r  
Lithium Flow Rate 2 QPm 
Potassium Flow Rate 0.2 gpm 
Lithium Temperature 1180°F 
Potassium Temperature 1140°F 
The potassium loop was dumped by evacuat ing  t h e  surge  tank  and 
g r a v i t y  d ra in ing  t h e  potassium from t h e  loop i n t o  t h e  surge  tank .  The 
meter ing va lve  was ad jus ted  t o  3/16 open which is  t h e  p o s i t i o n  determined 
from t h e  va lve  c a l i b r a t i o n  test  as t h e  s e t t i n g  requi red  f o r  a 10 t o  25 
p s i a  p re s su re  drop  ac ross  t h e  va lve  a t  t h e  design ope ra t ing  cond i t ions .  
The potassium surge  tank was pressur ized  wi th  argon t o  2.0 ps i a ,  
f o r c i n g  t h e  l i q u i d  potassium ou t  of  t h e  surge  tank i n t o  t h e  loop. This  
p re s su re  i s  s u f f i c i e n t  t o  p a r t i a l l y  f i l l  t h e  loop t o  t h e  i n l e t  t o  t h e  
b o i l e r  and approximately 2/3 of t h e  condenser,  The b o i l i n g  ope ra t ion  
was s t a r t e d  a t  0800 March 11, 1968, by t u r n i n g  on t h e  potassium EM 
pump a t  low power and f o r c i n g  l i q u i d  potassium i n t o  t h e  b o i l e r .  The 
potassium flow rate and t h e  l i t h ium temperature  were slowly increased 
and allowed t o  s t a b i l i z e  a t  a potassium vapor temperature  of 1250'F 
and a l i t h ium temperature  of 1366OF. The vacuum chamber p re s su re  
increased  t o  t h e  10 t o r r  range as t h e  loop temperature  reached a new 
high  and f u r t h e r  power inc reases  were delayed u n t i l  t h e  vacuum chamber 
p re s su re  decreased i n t o  t h e  10 t o r r  range. 
-6 
-7 
During t h e  next  s e v e r a l  hours,  t h e  loop temperature  and potassium 
f low r a t e  were slowly increased u n t i l  a t  1530 March 11, 1968, t h e  potas-  
sium flow r a t e  slowly decreased t o  ze ro  flow. A t  t h i s  time all1 pressure  
gauges i n  t h e  potassium loop, shown i n  F igure  2, were a t  t h e  same 
p res su re  i n d i c a t i n g  t h e  flow blockage between t h e  condenser and t h e  
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pump i n l e t ,  The potassium flow d i r e c t i o n  was reversed and t h e  p re s su re  
gauges No.  2, 4, 5, and 6 then read the  same pres su re ,  but  p re s su re  N o .  1 
read z e r o  i n d i c a t i n g  t h e  flow blockage was then  a t  t h e  meter ing va lve ,  
The meter ing va lve  was then opened from 3/16 open t o  f u l l  open and a l l  
p re s su re  gauges responded and a high potassium flow r a t e  was e s t a b l i s h e d .  
The potassium surge  tank w a s  immediately evacuated i n  an at tempt  t o  
dump t h e  loop and remove t h e  plugging m a t e r i a l  from t h e  loop t o  t h e  
surge tank.  The loop would no t  dump i n d i c a t i n g  t h a t  a flow blockage was 
p resen t  between t h e  surge tank and t h e  loop. The potassium surge  tank 
was pressur ized  i n  an attempt t o  d i s lodge  t h e  plugging m a t e r i a l  however, 
no i m m e d i a t e  response on the  loop p res su re  gauges was observed. A f t e r  
a few minutes, t h e  loop pressure  slowly increased t o  80 p s i a  ( t h e  
p re s su re  i n  t h e  surge  t a n k ) ,  The surge  tank  was again evacuated but  
t h e  loop would no t  dump,and t h e  p re s su re  i n  t h e  loop remained a t  80 ps i a .  
The vacuum chamber bakeout system w a s  turned on a t  1900 hours s i n c e  the  
loop  was now ope ra t ing  a t  a lower power l e v e l  and t h e  a l k a l i  meta l  could 
f r e e z e  i f  a d d i t i o n a l  hea t  was not  suppl ied  t o  t h e  loop. A t  2015 hours 
communication between t h e  surge tank  and t h e  loop was e s t a b l i s h e d  suddenly 
and the  loop and surge tank p res su res  equal ized t o  18 p s i a .  The potas -  
sium EM pump was turned on,and potassium could be c i r c u l a t e d  a t  a high 
flow r a t e .  
have been f rozen  potassium i n  a coo le r  loca t ion ;  however, t h e  temperatures  
i n  t h i s  gene ra l  reg ion  w e r e  s i g n i f i c a n t l y  above t h e  147'F mel t ing  po in t  
of potassium. 
The plug between t h e  loop and the  potassium surge  tank  could 
A t  0800 March 12, 1968, a second at tempt  t o  reach  t h e  des ign  oper-  
a t i n g  cond i t ions  was made. The loop power was slowly increased ,  but  
extremely l a r g e  flow f l u c t u a t i o n s  made t h e  loop d i f f i c u l t  t o  c o n t r o l .  
The p o s s i b i l i t y  t h a t  a d d i t i o n a l  plugging m a t e r i a l  remained i n  t h e  loop 
a f t e r  t h e  prev ious  dump was considered as a p o t e n t i a l  source of t h e  
i n s t a b i l i t i e s  and, consequently,  a t  1630 hours t h e  potassium c i r c u i t  
was dumped and the  loop r e f i l l e d  a f t e r  holding t h e  loop charge of potas-  
sium i n  t h e  surge  tank  f o r  10 minutes.  Loop ope ra t ion  continued and 
t h e  l i t h ium temperature  was increased t o  1770'F, but a t  1900 hours l a r g e  
p re s su re  and flow f l u c t u a t i o n s  again prevented reaching des ign  ope ra t ing  
cond i t ions .  
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A t  0800 March 13, 1968, a t h i r d  attempt w a s  made t o  reach the  
design operat ing condi t ions.  The potassium c i r c u i t  w a s  dumped and again 
held i n  the  surge tank t o  allow time f o r  s e t t l i n g  of p a r t i c u l a t e  mater ia l  
before r e f i l l i n g  the  loop, The loop power was slowly increased with 
exce l l en t  loop s t a b i l i t y  u n t i l  t h e  following condi t ions were reached: 
l i th ium temperature, 2030'F; potassium bo i l ing  temperature, 1750'F; 
b o i l e r  o u t l e t  potassium vapor temperature, 2000OF. "he vacuum chamber 
-7 pressure  a t  t h i s  t i m e  was 9.5 x 10 , and addi t iona l  power increases  were 
delayed to await a decrease i n  the  vacuum chamber pressure.  The test  
operat ion continued a t  these  condi t ions u n t i l  1230 March 14, 1968. 
The loop power was again increased i n  an attempt t o  reach the  
design opera t ing  conditions.  The power l e v e l  was increased to  the  maxi- 
mum ava i l ab le  from the  20 KVA hea te r  power supply, but t he  design con- 
d i t i o n s  could not  be reached. The tes t  da t a  w a s  recorded a t  t h i s  time 
and i s  shown i n  Figure 16. The test  was subsequently shut  down t o  add 
more thermal in su la t ion  t o  the  loop t o  reduce the  hea t  l o s ses  i n  the  
l i th ium c i r c u i t  and thereby obta in  the  higher  temperatures required t o  
meet the  design condi t ions.  
The 48-inch d i a m e t e r  vacuum chamber w a s  opened on March 15, 1968, 
t o  add add i t iona l  thermal in su la t ion  to  the  l i thium hea te r  t o  reduce 
r ad ia t ion  losses .  The hea t  s h i e l d s  shown i n  Figure 17 cons i s t  of a 
0.005-inch th i ck  tantalum inner  sh ie ld  with t h r e e  0.002-inch t h i c k  
tantalum sh ie lds  separated by 0.020-inch tantalum wire spacers .  The 
hea t  s h i e l d s  were assembled i n  place by spot  welding the  ind iv idua l  
s h i e l d s  together  t o  form an i n t e g r a l  assembly and then the  ends were 
ref inforced with a 0.060-inch th i ck  s t i f f e n i n g  r ing .  The thermal 
sh i e ld  assemblies were posit ioned around the  hea te r  c o i l s  by bo l t ing  
the  s t i f f e n i n g  r ings  t o  t h e  grounded hea te r  bus bar .  The clearance 
between the  inner  sh i e ld  and the  hea ter  c o i l  w a s  approximately 0.5-inch. 
The addi t ion  of the  fou r  s h i e l d s  i s  designed t o  reduce the  hea t  l o s s  
from the  hea ter  c o i l s  by approximately 75%. 
An add i t iona l  l aye r  of 0.002-inch dimpled f o i l  w a s  a l s o  addea to  
the  tubing between the  l i th ium h e a t e r  e x i t  and t h e  i n l e t  t o  t he  boi le r .  
The 25 KVA voltage s t a b i l i z e r  on the  loop power supply was 
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replaced a t  t h i s  t i m e  with a 100 KVA u n i t  t h a t  w i l l  be capable of handl- 
ing  t h e  e l e c t r i c a l  power input  required t o  m e e t  t h e  design test operat ing 
condi t ions.  
The b e l l  j a r  of t he  48-inch vacuum chamber was lowered and bolted t o  
the spool s ec t ion  f lange  on March 3, 1968. The vacuum chamber was rough 
pumped overnight with t h e  turbomolecular pump t o  1 x t o r r  before t h e  
ion-pump was s t a r t e d .  The bakeout hea te r s  were turned on when the  vacuum 
chamber pressure was i n  the  t o r r  range. A l l  l i q u i d  loop operat ion 
with a maximum temperature of llOOOF was continued for severa l  days t o  
outgas the  thermal sh i e lds  t h a t  were added t o  t h e  l i t h ium hea ter .  
A t  0800 March 25, 1968, bo i l ing  and condensing operat ions were resumed. 
The potassium loop was dumped i n t o  t h e  surge tank and t h e  potassium allowed 
t o  remain i n  t h e  surge tank under vacuum for 1 0  minutes before  the  loop was 
r e f i l l e d  by pressur iz ing  t h e  surge tank with argon. The power input  t o  the  
loop was slowly increased as the vacuum chamber pressure  improved. A t  1510 
hours, t he  maximum power input  t o  the  hea te r  had been appl ied but was not 
s u f f i c i e n t  t o  br ing  t h e  loop t o  i t s  design operat ing condi t ion.  A n  attempt 
t o  maintain t h e  loop a t  t h e  maximum power l e v e l  and obta in  s teady s ta te  
t e s t  da ta  was not  successful  because of t he  changing potassium flow r a t e .  
The potassium flow r a t e  s t e a d i l y  decreased and t h e  pressure  drop across  
t h e  valve increased ind ica t ing  t h a t  t he  valve was plugging with partic- 
u l a t e  matter.  The metering valve was opened from 3/16 open ( t h e  o r i g i n a l  
s e t t i n g )  t o  1/4 open with an instantaneous increase  i n  the  potassium flow 
r a t e  and decrease i n  the  pressure drop across  t h e  metering valve a s  shown 
i n  Figure 18. The flow r a t e  again decreased a s  t h e  valve was opened 
i n  s t eps  up t o  f u l l  open and the  plugging noted above occurred a f t e r  
holding f o r  a few minutes a t  each new valve opening. When t h i s  occurred 
with the  valve f u l l y  open, the  h e a t e r  and preheater  power were quickly 
reduced t o  a s a f e  l e v e l  t o  avoid overtemperaturing of these  components. 
The vacuum chamber bakeout hea te r s  were turned on t o  maintain the  loop 
above the  mel t ing  point of t he  a l k a l i  metals,  
The potassium surge tank was then evacuated to  dump the  potassium 
i n t o  the  surge tank i n  an attempt t o  remove the  plugging mater ia l  from 
the  loop. The potassium was allowed t o  se t t le  i n  t h e  surge tank f o r  
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sium Flow Rate. 
Pressure  
Figure 18, The Effect of Plugging the Metering Valve on 
of the T-111 Rankine System Corrosion Te 
ium Flow 
nd Pressure Drop Acrose the Metering V rin tion 
3 I’ 
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a p p r o x i m a t e l y  10 minu tes  bei'ore t h e  l o o p  was r e f i l l e d  by p r e s s u r i z i n g  
t h e  s u r g e  t a n k .  The po ta s s ium pump power l e a d s  were changed f o r  r e v e r s e  
f l o w  and a h i g h  po ta s s ium P l o w  c o u l d  be  m a i n t a i n e d ,  i n d i c a t i n g  t h e  l o o p  
had unplugged .  The l o o p  was a g a i n  dumped, r e f i l l e d  w i t h  po ta s s ium and 
c i r c u l a t e d  i n  t h e  r e v e r s e  d i r e c t i o n  a s  b e f o r e .  The dumping p rocedure  
was r e p e a t e d  f o r  t h e  t h i r d  t i m e  and a g a i n  t h e  normal f l o w  r a t e  was i n i -  
t i a l l y  e s t a b l i s h e d  b u t  t h e n  i t  s l o w l y  d e c r e a s e d  t o  zero. The EM pump 
was r e w i r e d  f o r  fo rward  f l o w  b u t  po ta s s ium c i r c u l a t i o n  c o u l d  n o t  b e  
e s t a b l i s h e d .  Dur ing  t h i s  p e r i o d ,  the m e t e r i n g  v a l v e  was o p e r a t e d  re- 
p e a t e d l y  i n  a n  a t t e m p t  t o  unplug  t h e  loop .  The v a l v e  o p e r a t i o n  became 
p r o g r e s s i v e l y  worse r e q u i r i n g  a h i g h e r  t o r q u e  w i t h  e a c h  o p e r a t i o n  u n t i l  
t h e  v a l v e  c o u l d  no longer b e  o p e r a t e d  i n  e i t h e r  d i r e c t i o n .  The v a l v e  
remained i n  t h e  open p o s i t i o n  a f t e r  t h e  f i n a l  a d j u s t m e n t  was made.* 
The po ta s s ium and l i t h i u m  were dumped i n t o  t h e  s u r g e  t a n k s  and p l a n s  
were made t o  sample t h e  po ta s s ium i n v e n t o r y  i n  a n  a t t e m p t  t o  i d e n t i f y  t h e  
p l u g g i n g  m a t e r i a l  b e f o r e  t h e  test o p e r a t i o n  c o u l d  c o n t i n u e .  The d r a i n i n g  
and sampl ing  of t h e  l o o p  c i r c u i t s  a r e  d e s c r i b e d  i n  t h e  f o l l o w i n g  sec t ion  
(B .2 . )  o f  t h i s  r e p o r t .  A summary o f  l o o p  o p e r a t i o n s  on March 25, 1968, 
i s  p r e s e n t e d  i n  T a b l e  111. 
B. ALKALI METAL PURIFICATION AND CONTROL 
1. P r e t e s t  A l k a l i  Meta l  Q u a l i t y  C o n t r o l  
During t h i s  q u a r t e r ,  t h e  l i t h i u m  and po ta s s ium p u r i f i c a t i o n  and 
t r a n s f e r  sys t ems  were a t t a c h e d  t o  t h e  l o o p  f i l l  l i n e s  i n  o r d e r  t o  f i l l  
t h e  p r imary  and secondary  c i r c u i t s .  A l l  l i q u i d  m e t a l  t r a n s f e r  l i n e s  and 
g a s  p r e s s u r i z a t i o n  l i n e s  o u t s i d e  o f  t h e  p u r i f i c a t i o n  and t r a n s f e r  sys tem 
ovens  were t r a c e d  w i t h  h e a t i n g  t a p e s  and h e a t e d  t o  250°F t o  7 O O O P  unde r  
vacuum f o r  t e n  days  t o  o u t g a s  t h e  l i n e s .  Both sys t ems  were he l ium l e a k  
checked  a t  t e m p e r a t u r e  a c c o r d i n g  t o  SPPS S p e c i f i c a t i o n  03-0013-00-B, 
"Mass S p e c t r o m e t e r  Leak Detect ion Using H e l i u m , "  and no l e a k s  were 
found i n  e x c e s s  of 5 x 10 s t d .  cc of a i r  p e r  second.  The p r e s s u r e  
r ise  r a t e s  measured w i t h  t h e  l i n e s  a t  t e m p e r a t u r e  were 6 x 10 torr-  
l i t e r s  p e r  minute f o r  t h e  po ta s s ium sys tem and 2 x 10 torr-liters p e r  
minu te  f o r  the l i t h i u m  sys t em p r i o r  t o  t r a n s f e r  o f  t h e  a l k a l i  m e t a l s .  
The t e s t  p l a n  s p e c i f i e d  t h a t  t h e  p r e s s u r e  r ise r a t e  s h a l l  be less t h a n  
-10 
-4 
-4 
t o r r - l i t e r s  p e r  minute.  _------------ 
* 
When t h e  b e l l  j a r  w a s  removed from t h e  tes t  f a c i l i t y  i n s p e c t i o n  of t h e  
v a l v e s  i n d i c a t e d  b i n d i n g  of t h e  Mo-TZM p i n i o n  g e a r  s h a f t  on t h e  t u n g s t e n  
c a r b i d e  sleeve b e a r i n g  r e s u l t e d  i n  t h e  valve o p e r a t i o n  d i f f i c u l t i e s .  
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TABLE I11 
T-111 RANKINE SYSTEM CORROSION TEST LOOP 
TEST LOG ON 3-25-68 
0030 
0300 
0530 
0600 
0800 
0825 
0900 
0927 
1000 
1010 
1130 
1145 
1200 
1300 
1510 
1525 
1530 
1533 
1545 
Vacuum Chamber on Bakeout - Loop on Low Power With A l l  Liquid 
Flow Since  3-22-68 - T e s t  Data Recorded and P a r t i a l  P re s su re  
Gas Scan #45 Made T Max = llOO'F 
Increased  Heater  Power t o  22A 170V T Max 115O0F 
Increased  Heater  Power t o  25A 200V T Max 1325'F 
T Max 1450'F - Chamber P res su re  4.5 x 10 Tor r  - Leak Checked 
A l l  F langes  - No Leak I n d i c a t i o n s  
-7 
Hot Dumped Potassium Loop and P a r t i a l l y  R e f i l l e d  Loop With 
2 ps ia  P res su re  
Closed Metering Valve t o  3/16 Open (2.25 Div) 
Chamber P res su re  7.5 x 10 
Leaks Ind ica t ed  
-7 
Tor r  - Completed Leak Check - N o  
S t a r t  Boi l ing  Operat ion by Turning on Potassium Pump - Increased  
Power Input  and Potassium Flow Rate a s  Vacuum Pressure Permi t ted  
Heater  Power 35.5A 3 0 0 V  - Bakeout Turned Off - Turbo Molecular 
Pumped Valved Out of System 
Continued Inc reas ing  Power and Potassium Flow Rate  
Complete Se t  of Data 
Loop S t a b i l i z e d  t o  Improve Vacuum Before I n c r e a s i n g  
Loop Temperature 1960OF 
Vacuum Chamber Cooling Water Turned On 
P a r t i a l  P re s su re  Gas Analys is  No. 48 
S t a r t  of Minor Power and Potassium Flow Adjustments t o  Reach 
Design Operat ing Condi t ions  
Power Input  t o  Heater  40A and 440V - Attempt t o  A t t a i n  Thermal 
Equi l ibr ium t o  Record Tes t  Data 
Potassium Flow Decreasing - Open Valve t o  3.75 Div is ions  
Flow Decreasing - Open Valve t o  4 .0  Div i s ions  
Flow Decreasing - Open Va lve  t o  4.75 Div i s ions  
Flow Decreasing - Open Valve t o  5.5 Div i s ions  
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TABLE 111 (Cont 'd)  
1555 
1600 
1620 
1700 
1830 
1845 
1845 
1847 
1855 
1900 
1905 
1910 
1915 
1911 
1918 
Flow Decreasing - Open Valve t o  6 .0  Div is ions  
Flow Decreasing - Valve F u l l y  Open 
Flow Decreasing - Valve Half Open 
Flow Decreasing - Valve F u l l  Open 
Potassium Loop Dumped - Surge Tank Temperature Increased  From 
460°F t o  560'F 
Pota.ssium Flow Reversed - High Flow Rate 
Potassium Flow Returned t o  Normal Di rec t ion  - High Flow Rate  
Dump Potassium Loop - No Inc rease  i n  Surge Tank Temperature 
F i l l e d  Loop and Flowed a t  High Rate 
Dumped Potassium - Surge Tank Temperature Increased  From 
502'F to  533OF 
R e f i l l e d  Loop and Reversed Flow - No Flow Rate PMD 1 and 
PMD 2 Show No Pressure  
Flow O s c i l l a t i o n s  I n d i c a t i n g  Bo i l ing  i n  t h e  P rehea te r  Sec t ion  
of t h e  Loop 
Dumped Potassium Loop - Surge Tank Temperature Did Not Change 
Dumped Lithium Loop - Surge Tank P res su re  Increased  From 
4 . 7  mv t o  8.5 mv 
A l l  Power on Loop Off - Chamber on Bakeout 
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The t r a n s f e r  systems were f i l l e d  w i t h  l i q u i d  metal  which was subsequent ly  
dumped i n t o  t h e  d i sposa l  tank t o  f l u s h  the  sys t ems .  The s y s t e m s  were 
re f i l l ed  and a s a m p l e  removed from each charge  pot  f o r  chemical a n a l y s i s .  
Oxygen and n i t rogen  a n a l y s e s  i n d i c a t e d  t h a t  these i m p u r i t i e s  were below 
the  s p e c i f i e d  l i m i t s  o i  20 ppm n i t rogen  and 150 ppm oxygen, and t h e  
l i t h i u m  i n  the  charge pot  was then t r a n s f e r r e d  t o  the  evacuated l i t h i u m  
c i r c u i t  su rge  tank.  
charge pot was  used t o  a s s u r e  t h a t  the complete charge had been t r a n s f e r r e d .  
The argon p r e s s u r e  i n  t h e  gas  l i n e  was measured be fo re  and a f t e r  t h e  
t r ans i ' e r ;  i . e . ,  both be fo re  and a f t e r  t h e  argon had expanded i n t o  t h e  
charge po t .  The l i t h i u m  su rge  tank was then p res su r i zed  wi th  argon, 
f o r c i n g  t h e  l i t h i u m  i n t o  t h e  loop. The  l i t h i u m  was c i r c u l a t e d  for 1 hour 
37: 500°F and then dumped back i n t o  t h e  su rge  tank.  A sample of l i t h i u m  
was then removed from the surge  tank f o r  chemical a n a l y s i s .  
The MSAR(a) i n d u c t i v e  l i q u i d  l e v e l  probe i n  t he  
T h e  oxygen concen t r a t ion  i n  t h e  potassium sample taken a f t e r  f l u s h i n g  
t h e  r r a n s f e r  l i n e  was  found t o  be below t h e  s p e c i f i e d  l i m i t  o f  20 ppm. 
S ince  the  potassium charge pot  i s  not  equipped w i t h  a l e v e l  probe, the 
quan t i ty  t r a n s f e r r e d  was  determined by p res su r i z ing  t h e  charge  pot  w i t h  
argon t o  the same p re s su re  employed dur ing  the  l i t h i u m  f i l l i n g  ope ra t ion .  
The  flow of potassium was s topped when the  p res su re  had dropped to  t h e  
same va lue  noted a f t e r  t h e  l i t h i u m  was t r a n s f e r r e d .  S ince  t h e  volumes 
of t h e  l i t h i u m  and poiassium charge po t s  and gas  l i n e s  are t h e  same,  t h i s  
technique was  bel ieved adequate.  Subsequent i n v e s t i g a t i o n ,  which w i l l  be 
descr ibed  i n  t h e  next  progress  r e p o r t ,  has  i n d i c a t e d  t h a t  on ly  about 60% 
of t h e  d e s i r e d  charge was t r a n s f e r r e d  t o  t h e  potassium su rge  t ank .  
A f t e r  c i r c u l a t i n g  the potassiuni f o r  1 hour a t  500°F i t  was r e tu rned  
to t h e  surge  tank and sampled. The l i t h i u m  and potassium l aop  c i r c u i t s  
were then  pressur ized  Sor  low temperature ,  a l l  l i q u i d ,  ope ra t ion  t o  check 
o u t  the  loop  c o n t r o l s  and s a f e t y  c i r c u i t s  and t o  c a l i b r a t e  t he  loop  
in s t rumen ta t ion .  During t h i s  per iod  of low t e m p e r a t u r e  o p e r a t i o n ,  chemical 
ana lyses  were performed on t h e  a l k a l i  m e t a l s  t o  i n s u r e  t h a t  t h e y  were 
s t i l l  w i t h i n  t h e  ope ra t ing  s p e c i f i c a t i o n  and t h e  loop  couid be opera ted  
(a)lLline S a f e t y  Appliance Research, C a l l e r y ,  Pennsy1va.ni.a. 
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a t  t h e  des ign  cond i t ions .  The complete a n a l y t i c a l  da ta  a r e  presented  i n  
Table I V .  
The a n a l y t i c a l  chemical c r i t e r i a  f o r  f i l l i n g  and ope ra t ing  t h e  loop 
c i r c u i t s  a r e  t h a t  t h e  potassium c o n t a i n  no g r e a t e r  concen t r a t ion  of oxygen 
than 20 ppm and t h a t  t h e  n i t rogen  and oxygen concen t r a t ions  i n  t h e  l i t h i u m  
be no g r e a t e r  than  20 ppm and 150 ppm r e s p e c t i v e l y .  A s  shown i n  Table  I V Y  
t he  oxygen concen t r a t ion  i n  t h e  potassium was  w i th in  l i m i t s ,  a s  analyzed 
by t h e  mercury amalgamation method, i n  samples taken before  f i l l i n g  t h e  
t r a n s f e r  s y s t e m  ( N o .  1405) a f t e r  f i l l i n g  t h e  charge pot  and t r a n s f e r  
system (No .  1487A) and a f t e r  f l u s h i n g  t h e  loop  (No.  1493A). The h igh  
oxygen concen t r a t ion  i n  potassium i n d i c a t e d  by Gulf General  Atomic f a s t  
neutron a c t i v a t i o n  a n a l y s i s  (No.  1405) i s  cons idered  t o  be i n  e r r o r  and 
was discounted because i t  has  been imposs ib le  i n  recent months t o  o b t a i n  
agreement wi th  t h e  amalgamation method on t h i s  and o t h e r  potassium samples 
of known low oxygen concen t r a t ion .  
It should be poin ted  out  t h a t  t h e  d e c i s i o n  t o  proceed i n  t h e  f i l l i n g  
ope ra i ion  i s  based on t h e  chemical a n a l y t i c a l  c r i t e r i a  f o r  oxygen and 
n i t rogen  given above, and t h a t  t h e  ana lyses  f o r  m e t a l l i c  i m p u r i t i e s  a r e  
not  completed unjti l  s e v e r a l  days a f t e r  a p a r t i c u l a r  t r a n s f e r  has  been 
made. Theshigh va lues  obta ined  f o r  such  elements a s  i r o n ,  chromium and 
n i c k e l  f o r  samples 1487A and 1493A were o r i g i n a l l y  a t t r i b u t e d  t o  inadve r t an t  
contaminat ion dur ing  sampling subsample p repa ra t ion  o r  a n a l y s i s  s i n c e  no 
reasonable  source  f o r  t h e s e  s t a i n l e s s  steel  components could be def ined .  
However, a d d i t i o n a l  specimens were submit ted f o r  r eana lys i s  by both GE 
and NSL(a). 
one t o  b e l i e v e  t h a t  i nadve r t an t  contaminat ion OP t h e  "A" samples had 
indeed occurred ,  i f  i t  were not  f o r  t h e  f a c t  t h a t  p a r t i c u l a t e  m a t e r i a l  
has  been found i n  t h e  potassium subsequent t o  t h e  shutdown caused by t h e  
plugging of t h e  meter ing va lve ,  
The r e s u l t s  i n d i c a t e d  f o r  Samples 1487B and 1493B would l ead  
The a n a l y t i c a l  r e s u l t s  shown f o r  l i t h i u m  Samples 1355, 1488 and 
1492 i n d i c a t e d  t h a t  t h e  n i t rogen  concen t r a t ion  was wi th in  t h e  s p e c i f i e d  
l i m i t  (20 ppm) p r i o r  t o  each t r a n s f e r .  The r e s u l t s  f o r  oxygen obta ined  
by thermal neutron,  f a s t  neutron and d i s t i l l a t i o n  techniques  i n d i c a t e  
t h a t  t h e  oxygen concen t r a t ion  was  w e l l  below t h e  s p e c i f i e d  150 ppm. 
(a )Nat iona l  Spectrographic  Laboratory,  Cleveland,  Ohio. 
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Sample Number Analyticala 
and Date I d e n t i t y  ~ Lab. & & T i  yI( k L  Remarks 
292 Lit  hium: 
1-4-66 
A s  received Gg a 5  <5 a 5  <5 
GOA (FN)' 
GE (D) 
GE a5 
1588 Lithium: 
293 Lithium: 
3-25-68 
1-4-66 
A s  rece ived .  Resampled 
Af ter  f i l t e r i n g  at  400'F through 
a 5-micron f i l t e r  i n t o  t h e  hot 
t r a p  
<5 a 5  
c5 <5 
GGA (FN) 
GE a 5  309 L i t  hiua : 
4-4-66 
After  hot trapping a t  1500'F f o r  
126 hours.  Sampled a t  500'F 
GOA (FN) 
GE ND 25 1020 
4-20-67 
Lithium: Residue d isso lved  Out Of 15-micron 
f i l t e r  whioh plugged while t ry ing  
t o  re turn  l i t h i u m  frola receiver t o  
hot t r a p  a f t e r  overflowing s t i l l  pot 
i n t o  rece iver .  Uetals reported as 
pprn in the  residue 
After d i s t i l l i n g  15 lbe i n  3 5-lb 
batches.  The f i r s t  two batches were 
returned t o  t h e  hot t r a p  and t h e  
t h i r d  batch was sampled a t  365'P 
from t h e  rece iver .  No f i l t e r  present 
a t  t h i s  time 
Second sample froa 5-lb batch (See 
Sample 1031).  Sent t o  AEC 
10 5 
a 5  a 5  
ND 
a 5  GE a 5  <5 
GGA (FN) 
1031 
5-4-67 
L i t  hium : 
1064 
6-1-67 
Lithium: GE 
GGA (FN) 
GE 1313 
10-26-67 
1355 
12-5-67 
Lithium: 
Lithium: 
Third sample from 5-lb batch (See 
Samples 1031 0 1064). Sampled a t  
375*F. 
Sampled a t  425-P froo s t i l l  rece iver  
a f t e r  d i s t i l l i n g  for the T-I l l  
loop f i l l  
<5 <50 <so 
1488 
3-1-68 
1492 
3-4-68 
Li t  hium : 
Lithium: 
F r m  oharge pot and t r a n s f e r  system. 
Taken a t  400'F 
After loop f l u s h .  Taken a t  400'F 
GE (D) a 5  5 a 5  a 5  
GE (D) <50 5 <5 e25  
NSL a 5 0  
NSL a s 0  
ORNL (Pn) 
a 5  
a 5  
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Analyticala __ P P O  .~ 
Ident i ty  ____ Lab. _ _ -  0 Ta T I L L & %  Results 
Sample Number 
and Date 
1578 
3-20-68 
1683 
4-22-68 
Lithium: Drained from s t i l l  pot a f t e r  GE (D) 96 a 5  <25 
d l s t l l l i n g  f o r  T-111 loop f l l l  110 
Lithium: From t r a n s f e r  l i n e  used between GE 
va lve  FF on t h e  t r a n s f e r  System and 
va lve  KK on t h e  loop  f o r  f i l l i n g  and 
f lush ing  the  loop i n i t i a l l y  
4 a <2 A s  received GE (A)b 
a5 
Potassium determined by flame 
photometry 
190 
4-21-65 
1352 
12-1-67 
1405 
1-5-68 
Potsssium: 
Potassium: 
Potassium: 
G O  
ao 
<2 
From s t i l l  rece iver  a f t e r  
d i s t i l l i n g  f o r  T-III loop fill 
Second sample from s t i l l  rece iver .  
Taken at 270'F. Taken espec ia l ly  
f o r  comparison of amalgamation 
and f a s t  neutron ac t iva t ion  results 
f o r  oxygen 
~ r o m  charge pot and t r a n s f e r  l i n e s .  
Taken a t  250'F 
Four Inches of potassium extruded 
from l/Z-inch x 20-mil wall  sample 
tube and converted to t h e  ch lor ide  
to t r y  t o  pick up high s t a i n l e s s  
Steel cOnCentPationS 
Af ter  loop  f l u s h .  Taken at  400°F 
Subsample preparation repeated f o r  
addi t iona l  spectrographic analyses 
Rom t h e  t r a n s f e r  l i n e  used between 
va lve  FF on t h e  t r a n s f e r  system and 
valve KK on t h e  loop f o r  i n i t i a l  
f i l l i n g  and f lush ing  operation 
From bottom t h i r d  of t h e  sample tube 
during dra in  of secondary (See Fig. 
1) 
From a portion of t h e  heavy walled 
tubing used as t h e  t r a n s f e r  l i n e  
between v a l v e  KK and t h e  s t i l l  pot 
GE (A) 
GE (A) 
GGA (FN) 
GE (A) 
GE 
GE (A) 
GE 
NSL 
GE 
GE (AIb 
GE 
6 
2; 1 
5 
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212 
193 
17 
20 
1 4  
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7, 7 
a 
a 
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a 
<I 0 
<IO 
a 0  
a 
(2 
<20 
<I 0 
<30 
e20 
C30 
G O  
<20 
<20 
<20 
1487 A 
2-29-68 
1487 B 
2-29-68 
Potassium : 
Potassium: 
<30 
<IO 
Li th iua  determined by flame 
photometry 
<3D 
<IO0 a 0 0  <IO 
c10 
1493 A 
3-4-68 
1493 B 
3-4-68 
1622 
3-29-68 
Potassium: 
Potassium: 
Lithium determined by emission 
spectrography 
Lithium determined by f l a w  
photometry 
Potassium: 
<IO Lithium detevmined by f l a w  
photometry. A few black p a r t i c l e s  
found a t  bottom of tube 
Lithium by flame photometry. 
Black p a r t i c l e s  found during 
preparation of ch lor ides  
1668 A 
4-10-68 
Pot ass ium : 
1668 B 
4-10-68 
Potassium: 
(See Fig .  1) 
Black p a r t i c l e s  found during preparation Of GE ND 
1668 B 
M i  ND T T hre t o  small amount of sample a l l  
l i n e s  very weak; Should perhaps 
csll minors, majora; t races ;  
ninora; and traces< not detected 
Fe = 15 - 25%, C r  = 25 - 50%, 
Pn = 25 - 50%, N i  = 5 - 151, 
S i  = 5 - 15%, Ti  = 0.1 - 0.5%, 
A I  = 0.1 - 0.5%, V = 0.1 '- 0.58, 
Ta < 0.05% 
X-ray d i f f r o c t i o n  ind ica ted  B-LiFe% 
and 2 -LiFe G i n i t i a l l y .  Af te r  
standing i z  Zir, saw only L i  and 
Fe 
X-ray d i f f r a c t i o n  ind ica ted  Li ,  Li20, 
LiOB and dpe. No Cr, Iln or T i  .em
1668 C 
4-10-68 
1669 A 
4-11-68 
Black, p a r t i c u l a t e ,  res idue  which remained In s t i l l  NSL 
pot (Fig.  1) a f t e r  d i s t i l l a t i o n  - swept i n t o  
v i a l  wi th  a brush. Compare with s a m p l e  1668 C .  
Specimen f o r  lsicroscopic examination is still  
ava i lab le  
loaded under argon 
Sample f o r  x-ray d i f f r a c t i o n .  Capi l la ry  GE 1669 B 1 
4-11-68 
1669 B 2 
4-11-68 
Sample f o r  x-ray d i f f r a c t i o n .  Capi l la ry  GE 
loaded i n  a i r  
Black, p a r t i c u l a t e ,  res idue  from s t i l l  pot 
(Same as sample 1669 A), hut sucked i n t o  
Erlenmeyer f l a s k  wi th  reduced PZ'essUre 
Residual metal (Li) scraped from st i l l  pot 
(Fig.  I ) ,  and placed i n  sealed v i a l  
Residual metal removed from s t i l l  pot ( l i k e  
sample 1671) by d isso lv ing  i n  water 
S t i l l  ava i lab le  1670 
4-11-68 
1671 
4-11-68 
1672 
4-11-68 
1682 
4-18-68 
S t i l l  ava i lab le  
Lithium. and potasaium determined 
by flame photometry 
L i t h i m  hy flame photometry 
GE 
Potassium: ~ r o m  d i s t i l l a t i o n  rece iver  a f t e r  GE 
the  d i s t i l l a t i o n  (See Fig .  1). 
Taken a t  275OF during d isposa l  
Notes: a. Analy t ica l  Laboratories are designated a5 followvl 
GE - General E l e c t r i c  Company, Evendale, Ohio 
GGA - Gulf General Atomic, San Diego, Cal i forn ia  
OWL - Oak Ridge National Laboratory, Oak Ridge, 
NASA - N a t i o n a l  Aeronautics and Space Administra' 
NSL - National Spectrographic Laboratory, Clevel, 
I n i t i a l s  i n  parentheses designate the  method "sei 
A - Amalgamation 
FN - Fast Neutron Activation 
TN - Thermal Neutron Activation 
D - D i s t i l l a t i o n  
b .  
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The oxygen results from Gulf General Atomic for the  l i t h i u m  samples a r e  
considered i n a c c u r a t e .  This  dec i s ion  was reached based on t h e  results 
e number of ana lyses  obtained by o t h e r  l a b o r a t o r i e s  u s i n  
considered t o  be reasonably accu ra t e ,  The results obta ined  f o r  m e t a l l i c  
concen t r a t ions  are puzz l ing  because i t  i s  almost impossible  t o  envis ion  a 
source  of such i m p u r i t i e s  subsequent t o  d i s t i l l a t i o n  e s p e c i a l l y  s i n c e  t h e  
l i t h i u m  i s  f i l t e red  a t  about 400'F through a 5-micron f i l t e r  on l eav ing  
t h e  s t i l l  pot .  I t  w i l l  be noted that  t h e  metallic i m p u r i t i e s ,  i n  p a r t i c -  
u l a r  aluminum and s i l i c o n ,  were q u i t e  low i n  the as-received m a t e r i a l  
(Sample 292) and a f t e r  f i l t e r i n g  a t  400'F i n t o  t he  ho t  t r a p  (Sample 293). 
A f t e r  hot  t r app ing  (Sample 309), small  q u a n t i t i e s  of i r o n ,  nickel$ and 
s i l i c o n  were present  and a t t r i b u t e d  t o  con tac t  w i t h  t he  s t a i n l e s s  steel  
d i p  leg,  thermocouple w e l l ,  and l e v e l  probe w e l l  dur ing  hot  t r app ing ,  
A f t e r  d i s t i l l i n g  the  first 15 pounds, however, a l l  metallic i m p u r i t i e s  
were below the  d e t e c t i o n  l i m i t s  (Sample 1031) even though no f i l t e r  was 
present  between the s t i l l  r e c e i v e r  and sample tube  when t h i s  p a r t i c u l a r  
sample was taken.  A f i l t e r  was not  used because dur ing  t h e  first at tempt  
t o  f i l l  the  s t i l l  pot from t h e  hot  t r a p  the upper l e v e l  i n d i c a t i n g  "I" 
probe malfunctioned and ho t  t rapped l i t h i u m  overflowed i n t o  t h e  r e c e i v e r ,  
r e q u i r i n g  tha t  i t  be re tu rned  t o  the hot  t r a p .  (4) 
the  small ,  s t a i n l e s s  steel 5-micron f i l t e r  on t h e  r e c e i v e r  d i p  l e g  plugged 
and was removed and rep laced  by a l a r g e  5-micron, s t a i n l e s s  steel f i l t e r  
a f t e r  d i s t i l l i n g  the first 15-pounds of l i t h ium.  This  15-pound q u a n t i t y  
was d i s t i l l e d  i n  three 5-pound batches and the  f irst  two were r'dturned 
During t h i s  t r a n s f e r  
t o  the ho t  t r a p ,  i n  o r d e r  t o  d i l u t e  any i m p u r i t i e s  which might dave been 
c a r r i e d  i n t o  t he  r e c e i v e r .  The a n a l y s i s  of t he  r e s i d u e  from the f i l t e r  
is given i n  Table  IV, Sample 1020. 
was taken without  a f i l t e r ,  and showed no metallic i m p u r i t i e s  above the  
d ~ t e ~ t i o n  l i m i t s ,  i n d i c a t e d  t h a t  t h e  r e c e i v e r  was no longer  contaminated. 
v e r t h e l e s s ,  i t  was thought adv i sab le  t o  p l a c e  a new, and l a r g e r  f i l t e r  
The r e s u l t s  for Sample 1031; which 
i n  the exi-t l i n  from the r e c e i v e r .  
( 4 ' A d ~ ~ ~ ~ e d  R ~ ~ r ~ ~ ~ o ~ y  Alloy C.mxxion Loop Program, -__I_ Quar t e r ly  Progress 
6 7 ,  NASA Cont rac t  NAS 3-63474, 
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, from the charge  pot ,  Was analyzed by both GE and NSL 
wi th  roughly comparable i n d  c a t i o n s  of high alurtiiaunl, calcium, and sili- 
con, However, GI3 found 50 ppm of copper While L d i d  not  detect it 
a t  t h e  5 ppm l e v e l .  Another ~ a ~ l e  (No, 1 92) was taken  a f t e r  t h e  
500OF loop f l u s h  and h igh  va lues  were found by GE for aluminum, calcium 
and s i l i c o n ,  but  t h e  r e f e r e e  a k a l y s i s  by NSL i n  i c a t e d  t h a t  t h e s e  
i m p u r i t i e s  were below t h e  d e t e c t i o n  l i m i t s ,  F i n a l l y ,  Sahple  1578 
was obtained by ~ r a i n l n ~  t h e l i t h i u m  s t i l l  pot  s i n c e  i t  was expected 
t h a t  any i m p u r i t i e s  would have been concent ra ted  t h e r e  d a r i n g  t h e  
d i s t i l l a t i o n  of 35 pounds of l i t h ium.  The concen t r a t ions  of aluminutit, 
calcium, copper,  l e a d  and s i l i c o n  a r e  not  su f f  &gen t ly  h igh  t o  exp la in  
t h e  comparable concen t r a t ions  of these elements found a t  one t i m e  o r  
another  i n  the  d i s t i l l e d  l i t h ium.  
2. 
Following the  plugging problems which caused loop  shhtdown, a s  
descr ibed i n  Sec t ion  A 3 ,  a sampling and d i s t i l l a t i o n  systbm Wa's designed 
and f a b r i c a t e d  t o  g r a v i t y  d r a i n  t h e  potassium from t h e  surge tank i n  a 
manner to  t r a p  ny p a r t i c u l a t e  m a t t e r  f o r  subsequent a n a l y s i s .  This  
system, shown schemat ica l ly  i n  F igu re  19 ,  was a t t a c h e d  to  t h e  loop  
s y s t e m  a t  t h e  potassium f i l l  valve (KK). The sample tybe c o n s i s t e d  of 
a 38-inch l e n g t h  of 1/2--inch 0.D. x 0,020 i nch  t h i c k  ~ a l ~  %?Jrpe 321 
s t a i n l e s s  s teel  t u b i  and was connected a s  shodn in Fig&@ 19  t o  
a s su re  t h a t  t h e  samp 
opera t fon .  The t r a n s f e r  l i n e  connect ing t h e  samfpler t o  va lve  KK and 
the s t i l l  pot  f i l l  va lve  was made of l /2- inch O.D. x 0.060 
wal l  Type 321 s t a i n l e s s  steel tub ing .  
tube  wotlld be f i l l e d  drlrin the dra in ing  
The s t i l l  w a s  designed w i t h  a " f i l i n g s  sh i e ld , "  such t h a t  t h e  t o p  
could be c u t  o f f  without  i n t roduc ing  f i l i n g s  i n t o  the s t i l l ,  
pot  had a capac isy  of 4800 cc and t h e  r e c e i v e r  had a c a p a c i t y  of 5100 cc. 
A l l  Valves were welded, bellows sea l ed ,  Type 316 s t a i n l e s s  steel. 
j o i n t s  were T G welded and t h e  e n t i r e  syfttem Was h e l i u  
room temperature  and ho t  (400-600°F) according t o  N$P 
03-0013-00-E. 
a i r  p e r  second, 
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The st ihl  
A l i  
No l e a k s  were found i n  excess of 5 x 1Oni0 s t d .  cb of 
Notes: 1. A l l  J o i n t s  Welded and Helium 
Leak Checked 
2. A l l  Valves Hoke TY445 or HY473A - 
Welded Bellows and P o s i t i v e  Return 
Vac-Argon 
Level Probe 
W e l l  
1" Sched. 10 P ipe ,  
304SS Vapor Line & 
1 1/2" OD Tubing, 32155 
k 
Surge 
TaIk 1 
Sample Tube, 1/2" OD X 20 M i l  
Wall, 321SS 
\ ' F i l i n g s  Sh ie ld  Welded t o  
S t r n i  rrht Sec t ion  D -  - - _ _ _  
. Pot ,  6" Sched. 10 Pipe Caps wi th  
4 1/2" S t e a i g h t  Sec t ion  - '304SS 
Dip Leg, 3/8" Tube 
Level Probe W e l l  
Thermowe 11 
Receiver  - Condenser, 4" Sched. 10 Pipe Caps wi th  15-18" S t r a i g h t  Sec t ion  304SS 
Figure  19. D i s t i l l a t i o n  and Sampling System Used i n  I s o l a t i n g  P a r t i c u l a t  Matter  
i n  t h e  Potassium Drained from t h e  T-111 Corrosion Tes t  Loop. 
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P r i o r  t o  d ra in ing  the  potassium from t h e  surge  tank  i n t o  t h e  s t i l l ,  
t h e  s t i l l  system was baked o u t  a t  temperatures  from 200" t o  600°F u n t i l  
t h e  p re s su re  rise r a t e  was less than  one mic ron- l i t e r  p e r  minute. The 
g e t t e r - i o n  pump on the  potassium p u r i f i c a t i o n  d o l l y  was used t o  evacuate  
t h e  s y s t e m .  
The potassium was dra ined  and sampled on A p r i l  4 ,  1968. The potas- 
sium surge  tank was f i rs t  p res su r i zed  wi th  argon t o  f o r c e  the  potassium 
i n t o  t h e  loop.  The  EM pump was turned  on and an immediate, bu t  low, 
potassium flow r a t e  was e s t a b l i s h e d  i n  t h e  forward flow d i r e c t i o n  (The 
loop  was previous ly  shutdown on March 25, 1968 wi th  t h e  potassium loop 
completely plugged).  The loop  was immediately dumped i n t o  t h e  surge  
tank and then r e f i l l e d  wi th  a marked improvement i n  t h e  potassium c i r -  
c u l a t i o n ,  The process  of f i l l i n g ,  c i r c u l a t i n g ,  and dumping t h e  loop was 
repea ted  f i v e  times wi th  a 30 minute dwell  t i m e  i n  t h e  su rge  tank  t o  
a l low p a r t i c u l a t e  matter t o  se t t le  o u t  i n  t h e  surge  t ank ,  A f t e r  t h e  f i f t h  
dump, t h e  potassium w a s  d ra ined  from t h e  surge  tank as descr ibed  below: 
The l i n e  from va lve  KK (see F igure  19)  t o  t h e  loop  su rge  tank was 
a t  350°F t o  400°F. The l i n e  from t h e  s t i l l  pot  t o  va lve  KK was a t  200" 
t o  300°F. The d r a i n  s y s t e m  was evacuated t o  less than  one micron back 
t o  va lve  KK. Valve KK was cracked and flow began a s  i n d i c a t e d  by a 
s h a r p  temperature  rise i n  t he  l i n e  between valve KK and t h e  su rge  tank 
(from 350" t o  450°F) and by t h e  l e v e l  probe i n  t h e  s t i l l  po t .  Valve KK 
was then  completely opened and t h e  a l k a l i  metal  d ra ined  from the  surge  
tank  u n t i l  t h e  MSAR i n d u c t i v e  type  l e v e l  probe i n  t h e  s t i l l  pot  i nd ica t ed  
600 t o  700 cc of potassium a t  which t i m e  f low ceased.  During t h i s  t i m e ,  
t h e  sample tube  temperature  dropped from 300°F t o  250°F then  inc reased  
aga in  t o  300°F over  a per iod of about 10 minutes.  When flow ceased i t  
was thought t h a t  p a r t i c u l a t e  m a t t e r  might have plugged one of t h e  two 
va lves  i n  the d r a i n  system. Therefore  t he  d r a i n  system was p res su r i zed  
wi th  argon up t o  va lve  KK t o  about 27 p s i a ,  and va lve  KK was opened i n  
an a t tempt  t o  blow argon i n t o  t h e  surge  tank and d i s lodge  any r e s t r i c t i n g  
p a r t i c l e s  i n  t h e  l i n e ;  however, no gas  flow occurred  a s  i n d i c a t e d  by 
p r e s s u r e  gages on t h e  su rge  tank  and d r a i n  sys t ems .  Then va lve  KK was 
c losed  and t h e  d r a i n  s y s t e m  was re-evacuated and t h e  su rge  tank  w a s  
p re s su r i zed  t o  35 p s i a  and va lve  KK was reopened. A t  t h i s  po in t ,  a s m a l l  
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amount of argon began f lowing from t h e  surge  tank through t h e  d r a i n  
system as i n d i c a t e d  by t h e  thermocouple p re s su re  gage i n  t h e  potassium 
p u r i f i c a t i o n  d o l l y  vacuum system. While cont inuous ly  pumping on the  
d r a i n  system the  surge  tank was r epea ted ly  p re s su r i zed  u n t i l  a s u b s t a n t i a l  
argon flow was obta ined  through t h e  d r a i n  system; i . e . ,  approximately a 
5-psi/minute p re s su re  drop r a t e  i n  the surge  tank .  During t h i s  per iod  
no a d d i t i o n a l  metal  f low was de tec t ed  by the  l e v e l  probe i n  t h e  s t i l l  po t .  
Valve KK was then c losed ,  t h e  d r a i n  system was p res su r i zed  and t h e  sampler 
was he ld  under 25 p s i a  p re s su re  a t  a temperature  above t h e  potassium 
melt ing po in t  overn ight  and then  cooled t o  room temperature .  A l l  power 
was shut  o f f  on t h e  d r a i n  system and a l l  l i n e s  from t h e  s t i l l  pot  t o  
valve KK were radiographed t o  determine i f  a plug i n  t he  l i n e s  could b e  
loca ted .  The radiographs showed noth ing  but  a few voids  i n  t h e  a l k a l i  
m e t a l  i n  t he  sample tube.  
The potassium was then  d i s t i l l e d  from t h e  pot  i n t o  t h e  r e c e i v e r  f o r  
a per iod of about 66 hours  a t  temperatures  of 600" - 700'F. The s t i l l  
pot temperature  inc reased  r a p i d l y  about 100°F a f t e r  about 24 hours when 
the pot  b o i l e d  dry.  The l e v e l  probe i n d i c a t e d  no change i n  t h e  l e v e l  of 
metal  i n  t h e  r e c e i v e r  f o r  a per iod of a t  least  16 hours  be fo re  d i s t i l -  
l a t i o n  was stopped. 
Following d i s t i l l a t i o n ,  t h e  potassium d r a i n  system and s t i l l  pot  
was removed by crimping t h e  l i n e  above va lve  KK, c u t t i n g  t h e  l i n e  be- 
tween va lve  KK and t h e  crimp and capping both ends of t h e  c u t  l i n e  w i t h  
Swageloks. The metal  i n  t h e  l i n e  above va lve  KK had a golden hue and 
appeared t o  c o n t a i n  l i t h ium.  The e n t i r e  s t i l l - d r a i n  system was then 
placed i n  t h e  VASCO welding chamber and t h e  sampler and d r a i n  l i n e  was 
c u t  between t h e  s t i l l  pot  and t h e  valve shown i n  F igu re  19, under h igh  
p u r i t y  he l ium.  Both ends of the c u t  l i n e  were Swagelok capped i n  t h e  
chamber. The d r a i n  l ine-sampler  sys t em was then removed from t h e  chamber 
f o r  a n a l y s i s  of t h e  c o n t e n t s  of t h e  l i n e s ,  t h e  r e s u l t s  of which w i l l  be 
discussed l a t e r .  
The s t i l l  pot was then c u t  open t o  i n v e s t i g a t e  any r e s idue  remain- 
i n g  i n  t h e  bottom of  the pot .  The e n t i r e  c u t t i n g  o p e r a t i o n  was performed 
i n  t h e  high p u r i t y  helium environment of t he  VASCO welding chamber. The 
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one-inch vapor l i n e  was c u t  under helium, and a cap  was welded on t h e  
r e c e i v e r  end t o  i s o l a t e  t h e  r e c e i v e r  and i t s  contents .  The s t i l l  pot  
was c u t  open wi th  a hacksaw j u s t  above t h e  bottom of t h e  f i l i n g s  s h i e l d  
shown i n  F igure  19.  The pot w a s  maintained i n  an e s s e n t i a l l y  v e r t i c a l  
p o s i t i o n  dur ing  the  c u t t i n g  ope ra t ion  which requi red  about e i g h t  hours .  
A f t e r  t h e  first f i v e  hours of c u t t i n g  t h e  water  conten t  of t h e  helium i n  
t h e  weld chamber had increased  t o  30 ppm. The chamber was evacuated and 
r e f i l l e d  wi th  dry  helium before  t h e  f i n a l  c u t  o f f  was made. When t h e  top  
cap  of t h e  pot was removed i t  was noted t h a t  t h e  f i l i n g s  s h i e l d  was i n t a c t  
and t h e r e f o r e  no f i l i n g s  from t h e  c u t t i n g  ope ra t ion  could have f a l l e n  
i n t o  t h e  s t i l l  pot .  
In spec t ion  of t h e  bottom of the s t i l l  pot revealed black,  p a r t i c u l a t e  
ma t t e r  and a t h i n  f i l m  of l i t h ium,  Most of t h e  black p a r t i c l e s  were swept 
i n t o  a g l a s s  v i a l  us ing  a brush, and t h e  remainder were sucked i n t o  an 
Erlenmeyer f l a s k ,  The l i t h i u m  was scraped ou t  and placed i n  another  
g l a s s  v i a l  and v i a l s  were sea led  under helium. 
A number of specimens were des igna ted  a s  appropr i a t e  f o r  a n a l y t i c a l  
chemical, spec t rographic  or x-ray examination. They are i d e n t i f i e d  and t h e  
t h e  r e s u l t s  are given i n  Table IV. The s i g n i f i c a n c e  of t h e  r e s u l t s  w i l l  
be d iscussed  below. 
Prior t o  t h e  f i n a l  shutdown i t  was conjec tured  t h a t  t h e  plugging of 
t h e  meter ing va lve  was due to  p a r t i c u l a t e  ma t t e r  and t h a t  t h e  b o i l i n g  
i n s t a b i l i t i e s  could poss ib ly  have been i n t e n s i f i e d  by l i t h i u m  i n  t h e  
potassium r e s u l t i n g  from a l e a k  between t h e  primary and secondary c i rcu i t s .  
The l i t h i u m  t r a n s f e r  l i n e  used between va lve  FF on t h e  t r a n s f e r  s y s t e m  
and va lve  KK on t h e  l i t h i u m  c i r c u i t  shown i n  F igure  20 had been preserved, 
so a flame photometric a n a l y s i s  was performed on a sample (No. 1683) from 
t h i s  tub ing .  The l i t h i u m  was found t o  con ta in  approximately 200 ppm 
potassium. The sample (No. 1492) taken a f t e r  f l u s h i n g  t h e  loop was 
t r a n s f e r r e d  t o  t h e  sampler through t h i s  l i n e .  Nat ional  Spectrographic  
Laboratory repor ted  < 25 ppm potassium on t h i s  sample (No. 1492).  Since 
l i t h ium and potassium a r e  repor ted  t o  be e s s e n t i a l l y  i n s o l u b l e  i n  one 
another , (5)  such a d i f f e r e n c e  could be due t o  inhomogenity i n  t h e  samples. 
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A potassium sample (No. 1622) comparable to  l i t h ium sample 1683 was 
removed from t h e  potassium t r a n s f e r  l i n e  between valves FF and KK. 
( s i m i l a r  t o  t h a t  shown i n  Figure 20).  The emission spectrographic  resu l t s  
shown i n  TableIV i n d i c a t e  t h a t  a l l  metallic impur i t ies  except l i t h ium 
were a t  or below the de tec t ion  l i m i t s .  A flame photometric ana lys i s  f o r  
l i th ium indica ted  40 ppm. This should be compared with t h e  flame photo- 
metric result of < l o  ppm l i th ium f o r  Sample 1487A removed from t h e  
charge pot p r i o r  t o  f i l l i n g  t h e  loop; and a l s o  w i t h  t h e  emission spectro-  
graphic r e s u l t  of 4 2  ppm l i th ium f o r  Sample 1493B taken a f t e r  f lush ing  
the  loop. These r e s u l t s  indicate  t h a t  t h e  l eak  between t h e  primary and 
secondary c i r c u i t s  was not present  during the i n i t i a l  loop f i l l i n g  and 
f lu sh ing  operat ions.  
Potassium Sample 1668A, removed from t h e  bottom t h i r d  of t h e  sample 
tube shown i n  Figure 19, which was obtained during the  dra in ing  of t he  
potassium loop was a l s o  analyzed f o r  l i t h ium by flame photometry. The 
ana lys i s  ind ica ted  8 ppm l i thium. Again a l l  o t h e r  metallic impur i t ies  
were a t  or below the  de tec t ion  l i m i t s .  This sample tube was kept above 
the  potassium melting point  overnight a f t e r  t h e  dra in ing  operat ion t o  
allow any p a r t i c u l a t e  mat ter  present  t o  se t t le  t o  t h e  bottom. The end 
cap was removed with a tubing c u t t e r  and t h e  potassium dissolved i n  
alcohol.  A few black p a r t i c l e s  were found, but t h e  quan t i ty  was insuf -  
f i c i e n t  f o r  ana lys i s .  
Potassium Sample 1668B was removed from a por t ion  of t h e  heavy walled 
tubing used as t h e  d ra in  l i n e  between valve KK and the  s t i l l  pot (Figure 19) .  
This potassium was f lushed from the  tubing with d i s t i l l e d  water and was 
converted t o  the  ch lor ides .  A flame photometric ana lys i s  of the  ch lo r ide  
so lu t ion  ind ica ted  3.3% l i thium. Some black p a r t i c u l a t e  mat ter  was 
found i n  t h e  f l u s h  water and was analyzed spec t rographica l ly ,  Sample 
1668C. T h i s  q u a l i t a t i v e  ana lys i s  ind ica ted  minor q u a n t i t i e s  of C r ,  Fe, 
N i  and T i  and trace q u a n t i t i e s  of A l ,  Ca, Mg, Mn, S i ,  Zn and Zr, but  no 
Ta, Hf or W was detected.  
Sample 1669A cons is ted  of t h e  black p a r t i c u l a t e  res idue  which re- 
mained i n  t he  s t i l l  pot a f t e r  d i s t i l l a t i o n .  The resul ts  of the  s e m i -  
q u a n t i t a t i v e  emission spectrographic ana lys i s  performed by National 
50 
Spectrographic  Laboratory i n d i c a t e d  25-5w0 C r ,  25-5w0 Mn, 15-25% Fe, 5-15% 
N i ,  5-15% S i ,  O . l - O . 5 %  A l ,  0.1-0.50/0 V and <0.05% Ta. These r e s u l t s  should 
be compared w i t h  t h o s e  f o r  Sample 1668B. 
Two specimens of t h i s  m a t e r i a l  were prepared f o r  x-ray d i f f r a c t i o n  
a n a l y s i s .  The f i r s t ,  Sample 1669B1, w a s  p laced i n  t h e  g l a s s  c a p i l l a r y  i n  
an argon f i l l e d  g love  box, whi le  t h e  second, Sample 1669B2 was loaded i n  
a i r .  A b e s t  f i t  a n a l y s i s  of t h e  d i f f r a c t i o n  d a t a  i n d i c a t e d  the presence 
of &LiFe02 and a-LiFe 0 However, a f t e r  s t and ing  i n  a i r  f o r  a f e w  
days another  d i f f r a c t i o n  p a t t e r n  was obta ined  which aga in  i n d i c a t e d  t h e  
presence of l i t h i u m  i r o n  oxides ,  as w e l l  as L i 2 0  and a-Fe. The d i f -  
f r a c t i o n  p a t t e r n  of t h e  second specimen i n d i c a t e d  t h e  presence of l i t h ium,  
Li20 ,  LiOH and 
5 8' 
a-Fe. No Cr, Mn or T i  was noted f o r  e i t h e r  sample. 
Microscopic examination of t h e  p a r t i c l e s ,  Sample 16696 showed them 
t o  be agglomerates or curved f l a k e s  composed of small p a r t i c l e s .  Among 
t h e s e  agglomerates and f l a k e s ,  some small s i l v e r y  whi te  spheres  were 
found which became coated wi th  a chalky whi te  m a t e r i a l  on s t and ing  i n  a i r .  
A sample (No. 1672) of t h e  metal  remaining i n  t h e  s t i l l  pot  a f t e r  
d i s t i l l a t i o n  of t h e  potassium was removed by d i s s o l v i n g  i n  water .  The 
r e s u l t s  of f lame photometric ana lyses  i n d i c a t e d  about 100% l i t h i u m  and 
600 ppm potassium. A flame photometric a n a l y s i s  of t h e  d i s t i l l e d  potas- 
sium (Sample 1682) ind ica t ed  20 ppm l i t h ium.  
The conclus ions  t o  be drawn from t h e  ope ra t ions  and ana lyses  j u s t  
presented a r e  a s  fo l lows:  
1. A leak exis ts  i n  t h e  b o i l e r  of t h e  loop  between the  primary 
and secondary c i r c u i t s .  
2. The plugging of t h e  meter ing va lve  i s  due t o  p a r t i c u l a t e  
ma t t e r  which probably o r i g i n a t e s  from s ta in less  s teel ,  
3. The chemical a n a l y t i c a l  resul ts ,  t o  da t e ,  do not  provide 
a c l ea r - cu t  answer t o  when t h e  l eak  f i r s t  appeared. 
4.  The chemical a n a l y t i c a l  resul ts ,  t o  da t e ,  do not  provide 
a c l ea r - cu t  answer as t o  t h e  source  of t h e  p a r t i c u l a t e  
matter al though t h e  p re sen t  i n d i c a t i o n  i s  t h a t  i t  was 
introduced from t h e  potassium t r a n s f e r  l i n e s  and charge 
pot .  
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C. 2600°F LITHIUM LOOP 
1. 2600°F Lithium Loop Fabr i ca t ion  
The f i n a l  assembly of t h e  2600°F Lithium Loop i s  scheduled t o  be 
accomplished by j o i n i n g  t h r e e  completely welded and annealed subassemblies:  
t h e  surge tank subassembly, t he  EM pump subassembly, and t h e  h e a t e r  sub- 
(6) assembly. The EM pump subassembly f a b r i c a t i o n  was descr ibed  previously,  
and has  now been completed with the  welding of the t o r s i o n  tube  t o  t h e  
pump duct .  The f a b r i c a t i o n  of t h e  surge  tank subassembly was a l s o  com- 
p l e t ed  by welding the Cb-1Zr end caps  t o  t h e  surge  tank s h e l l .  Both sub- 
assemblies  were then  annealed i n  furnaces  q u a l i f i e d  i n  accordance wi th  
S p e c i f i c a t i o n  SPPS 03-0037-00-A a t  2400°F and 2200°F for one hour respec- 
t i v e l y .  Two Cb-1Zr t o  Type 316 s t a i n l e s s  steel b i m e t a l l i c  j o i n t s  were 
then  welded t o  t h e  surge  tank subassembly. These weldments w i l l  be 
annealed l o c a l l y  a t  2200'F f o r  one hour i n  t h e  vacuum environment of t h e  
welding chamber. 
The l i t h i u m  heater subassembly which c o n s i s t s  of t h e  hea te r ,  t h e  
t e n s i l e  test specimen holder ,  and t h e  cor ros ion  test specimen ho lde r  
w i l l  be assembled a f t e r  t h e  s e l e c t i o n  of t h e  h e a t  t rea tment  s p e c i f i c a t i o n  
f o r  the  ASTAR a l l o y  t e n s i l e  and co r ros ion  test specimen by t h e  NASA Program 
Manager. The l i t h i u m  h e a t e r  which con ta ins  a 1/8-inch diameter  T-111 cor- 
ro s ion  test rod i n s e r t  was assembled by f i r s t  welding t h e  T-111 elecdrodes 
t o  t h e  tantalum bus b a r s  followed by welding t h e  e l e c t r o d e s  t o  t h e  T-111 
h e a t e r  c o i l s .  
2. Lithium Capsule T e s t s  of Tantalum- and Tungsten-Alloy Sheet 
Considerat ion is  being given t o  t he  poss ib l e  i n c l u s i o n  of T-111 
Specimens 
(Ta-8W-2Hf, weight percent )  and W-30Re-30Mo (atomic percent )  specimens 
i n  t h e  maximum temperature  reg ion  of t h e  2600°F Lithium Loop. 
processing h i s t o r y  of t y p i c a l  specimens ind ica t ed  t h a t  some contamina- 
t i o n  of t h e  specimens might occur  p r i o r  t o  exposure i n  t h e  loop, and 
f o r  t h i s  reason i t  was deemed adv i sab le  t o  eva lua te  t y p i c a l  specimens 
i n  2600°F i so thermal  l i t h i u m  capsule  tests of 100 hours  dura t ion .  
The 
(6)Advancod Refrac tory  Alloy Corrosion Loop Program, Quarter ly  Progress  
Report No. 11, for Period Ending January 15, 1968, NASA Contract  
NAS 3-6474. NASA-CR-72383 
The cond i t ions  of the var ious  shee t  specimens p r i o r  t o  exposure t o  
l i t h ium a r e  l i s t e d  below: 
T-111, as-received.  
T-111, as-received p lus  au toc lav ing  f o r  3 hours a t  3180°F i n  10,000 
p s i g  helium p l u s  3 hours a t  2600OF i n  200 ps ig  helium. 
W-30Re-30M0, (a) powder process  product s h e e t ,  as-f ab r i ca t ed .  
W-30Re-30M0, Powder process  product shee t ,  a s - f ab r i ca t ed  p lus  auto- 
c l a v i n g  f o r  3 hours  a t  3180°F i n  10,000 p s i g  helium. 
W-30Re-30M0, arc c a s t  product shee t ,  a s - f ab r i ca t ed .  
W-30Re-30M0, a r c  cast  product shee t ,  a s - f ab r i ca t ed  p lus  au toc lav ing  
f o r  3 hours  a t  3180'F i n  10,000 p s i g  helium. 
Two T-111 a l l o y  capsules ,  measuring 1.0-inch diameter  x 0.10-inch 
wal l  t h i ckness  x 5.5-inch l eng th ,  were used t o  test the specimens l i s t e d  
above. The t w o  T-111 a l l o y  shee t  specimens were placed i n  one of t h e s e  
capsules  and t h e  f o u r  W-30Re-30Mo a l l o y  shee t  specimens were placed i n  
t he  o t h e r  capsule .  Lithium used t o  p a r t i a l l y  f i l l  t h e s e  capsules  was 
p u r i f i e d  by h o t - g e t t e r i n g  wi th  zirconium shee t  f o r  240 hours  a t  1500°F. 
Samples of l i t h i u m  taken  dur ing  t h e  f i l l i n g  ope ra t ion  were analyzed and 
found t o  con ta in  12  ppm n i t rogen .  Both t h e  capsu le  f i l l i n g  and e l e c t r o n  
beam weldizlg s e a l i n g  techniques were performed i n  a lom5 t o r r  vacuum 
environment. The f i l l i n g  and s e a l i n g  technique used has been descr ibed  
i n  d e t a i l  p rev ious ly .  (7 1 
The f i l l e d  capsu le s  were wrapped w i t h  Cb-1Zr f o i l  and heated f o r  
100 hours a t  2600°F i n  a Brew vacuum fu rnace  a t  a p re s su re  of less than 
1 x t o r r .  Following completion of t h e  test ,  t h e  capsu le s  were opened 
i n  an i n e r t  atmosphere chamber, and t h e  l i t h i u m  was melted and drained 
from the capsu le s .  Residual  l i t h ium was removed from t h e  tungs ten  a l l o y  
specimens by d i s t i l l a t i o n  whi le  t h e  T-111 specimens were cleaned by d i s -  
s o l u t i o n  of t h e  r e s i d u a l  l i t h i u m  i n  l i q u i d  ammonia. Weight change, 
(a)Atomic pe rcen t .  
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Advanced Refrac tory  Alloy Corrosion Loop Program, Quar te r ly  Progress  
Report No. 11 f o r  Period Ending January 15, 1968, NASA Contract  
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chemical ana lys i s ,  metallographic examination, and microhardness surveys 
were used i n  the  evaluat ion of t h e  s i x  test specimens. 
The p r e t e s t  and p o s t t e s t  appearance of t he  T-111 shee t  specimens is  
i l l u s t r a t e d  i n  Figure 21. Chemical ana lys i s  and weight change information 
on t h e  T-111 specimens i s  given i n  Table 111. A total  of t h r e e  analyses 
a t  two d i f f e r e n t  l a b o r a t o r i e s  were performed f o r  most of t he  elements 
l i s t e d .  The p r inc ipa l  changes noted a s  a r e s u l t  of t h e  100-hour exposure 
t o  t h e  l i t h ium were the  s i g n i f i c a n t  weight l o s s  and oxygen concentrat ion 
decrease i n  the  shee t  specimen which was autoclaved and heat  t r e a t e d  p r i o r  
t o  exposure. Approximately 80 percent of t he  t o t a l  weight l o s s  noted i s  
a t t r i b u t e d  t o  t h e  phenominal decrease i n  oxygen concentrat ion.  Previous 
i n v e s t i g a t o r s  have noted s u b s t a n t i a l  leaching of oxygen from unalloyed 
columbium and tantalum by lithium") but never with ge t t e red  a l loys ,  such 
as T-111 containing 2% hafnium, t o  t h e  extent  noted i n  t h i s  experiment. 
The r e l a t i v e  high temperature of t h i s  experiment compared to  most of t he  
o the r  test r e s u l t s  which have been reported is  thought t o  be t h e  major 
f a c t o r  responsible  f o r  t he  near ly  t o t a l  deoxidation observed i n  t h e  
cu r ren t  experiment. 
The metallographic appearance of c ros s  sec t ions  of t h e  T-111 sheet  
specimen which was heat  t r e a t e d  before exposure t o  l i t h ium i n  a T - l l i  
capsule  for 100 hours a t  2600°F is  shown i n  Figure 22. The gross  oxygen 
contamination of t he  T-111 sheet  i s  r ead i ly  apparent a s  evidenced by 
the  abundance of both gra in  boundary and bulk p r e c i p i t a t e ,  which is 
assumed t o  be hafnium oxide p a r t i c l e s .  Lithium exposure caused a 
s u b s t a n t i a l  reduct ion i n  t h e  amount of oxide p r e c i p i t a t e  i n  t h e  s t ruc tu re .  
The su r face  regions a r e  p a r t i c u l a r l y  void of p r e c i p i t a t e  suggest ing t h a t  a 
s l i g h t  oxygen gradient  s t i l l  e x i s t s  i n  the  shee t  specimen d e s p i t e  t he  
f u l l - s e c t i o n  oxygen concentrat ion of only 24 ppm. Diamond Pyramid 
Hardness  (DPH) surveys were performed on specimen cross sec t ions  before  
and a f t e r  exposure and ind ica ted  no de tec tab le  hardness grad ien t  i n  t he  
specimens. I t  i s  i n t e r e s t i n g  t o  note  t h a t  t he  shee t  specimen was s l i g h t l y  
harder  following l i th ium exposure (and deoxidation) than before test .  No 
corros ion  of t h e  specimen su r face  could be detected.  
I1 (8)DiStefano, J . R .  and Litman, A.P., Effec t s  of Impur i t ies  i n  Some 
Refractory M e t a l  - Alkal i  Meta l  Systems," Corrosion, December 1964, 
p. 392t. 
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TABLE V. 
CHEMICAL ANALYSIS OF T-111 SPECIMENS BEFORE AND FOLLOWING 
EXPOSURE TO LITHIUM(a) FOR 100 HOURS AT 2600OF 
Concentration, ppm Weight Change 
I N - H - C mg em-2 0 (b) - Specimen Descr ipt ion 
T-111 Sheet, A s  received 
Before Lithium T e s t :  35,35(') 16,15 1,l 110,122 
Af ter  Lithium T e s t :  18,11, 37,44 1,1 158 
(87) 
T-111 Sheet, 3 Hours a t  
3180OF i n  10,000 ps ig  Helium 
Plus 3 Hours a t  2600'F i n  
200 ps ig  Helium, 
Before Lithium T e s t :  2877,2164 18,15 20,21 
(2292) (19) -0.24 
Af ter  Lithium T e s t :  24,24 75.69 2,2 183 
(24) (20) 
(a)  Container capsule:  T-111, n i t rogen  concentrat ion of  l i t h ium before test:  12 ppm 
,(b) Sheet specimen thickness:  0.015-inches 
( e >  Upper numbers: GE-SPPS ana lys i s ;  lower number ( >: GE-NMPO analysis  
56 
(a) Before Exposure to Lithium 
Oxygen Conc. (avg.) = 2440 ppm 
(b) Following Exposure to Lithium 
Oxygen Conc.: 24 ppm 
Figure 22. Metallographic Appearance of Heat Treated T-111 Sheet 
Specimens Before (a) and Following (b) Exposure to Lithium 
for 100 Hours at 260O0F. 
Etchant: 30gNH4F-50mlHN03-20mlH20 (a) F190313 (250x1 
(b) F190413 (250x1 
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The chemical analyses  of t he  powder product and a r c  c a s t  product 
W-30Re-30Mo (a/o)  shee t  before and following exposure t o  l i t h ium f o r  
100 hours a t  2600°F are given i n  Table I V .  No  s i g n i f i c a n t  changes i n  
concent ra t ions  of oxygen, ni t rogen,  hydrogen, or carbon were detected.  
The GE-NhlPO carbon analyses ,  which are considerably lower than t h e  GE- 
SPPS carbon numbers, a r e  considered t o  be the  more accura te  of t h e  two 
sets of values .  Unfortunately, t h e r e  was i n s u f f i c i e n t  sample t o  obta in  
p o s t t e s t  GE-NMPO carbon values.  The p o s i t i v e  weight changes l i s t e d  a r e  
a t t r i b u t e d  i n  l a r g e  measure t o  sur face  contamination during t h e  vacuum 
d i s t i l l a t i o n  operat ion used t o  remove r e s idua l  l i t h ium from t h e  specimens. 
(Dissolut ion i n  l i q u i d  ammonia has been adopted as the  standard cleaning 
procedure f o r  a l k a l i  metal test specimens.) 
The  metallographic appearance of t he  autoclaved W-30Re-30Mo sheet  
specimens before  and following exposure t o  l i th ium is  shown i n  Figures  
23 and 24. Powder product sheet  specimens of t h e  a l loy  a r e  presented 
i n  Figure 23 and show the  f ine-grained s t r u c t u r e  t y p i c a l  of t h e  a l l o y  
prepared by t h i s  method. Examination of t h e  sur face  of t he  t e s t ed  specimen 
revealed no evidence of corrosion.  The g ra in  boundary p a r t i c l e s  evident  
i n  the micros t ruc ture  of the  t e s t e d  specimens i s  sigma phase which devel- 
oped a s  a r e s u l t  of t he  thermal exposure of t he  cor ros ion  test .  Micro- 
s t r u c t u r e s  of autoclaved and t e s t e d  sheet  specimens prepared from arc, 
c a s t  a l loy  a r e  i l l u s t r a t e d  i n  Figure 24, and again no evidence of cor- 
rosion was observed. The gra in  s i z e  of t h e  a r c  cast product shee t  i s  
q u i t e  a b i t  l a r g e r  than the  powder product mater ia l s  shown i n  Figure 23, 
and t h e  s t r u c t u r e  i s  considerably c leaner .  Again, a considerable  amount 
of sigma phase developed as a r e s u l t  of t h e  thermal treatment during the  
corrosion tes t .  
The capsule test r e s u l t s  described above i n d i c a t e  t h a t  T-111 and 
W-30Re-30Mo (a/o) specimens of t he  type described above can be placed 
i n  the  2600OF Lithium Loop without f e a r  of ca tas t rophic  l i th ium penetrat ion.  
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TABLE VI. 
CHEMICAL ANALYSIS OF W-30Re-30Mo (a/o) SHEET SPECIMENS BEFORE AND 
FOLLOWING EXPOSURE TO LITHIUM(a) FOR 100 HOURS AT 2600OF 
Concentration, ppm Weight Change -2 C mg cm - H - N - 0 (b) Specimen Description - 
Powder Product Sheet 
Before Autoclaving : (C 1 
Before Lithium Test: 18,12 1,4 1,1 77,4 (d) 
After Lithium Test: 26,18 391 2,l 25 + 0.033 
Powder Product Sheet, 
After Autoclaving: 
Before Lithium Test: 18,9 2,1 1,2 46,13 
After Lithium Test: 46,17 5,1 331 23 + 0.07 
Arc Cast Sheet, Before 
Autoclaving: 
Before Lithium Test : 59,ll 532 4,1 96,19 
After Lithium Test: 52,27 4,4 3,1 82 + 0.088 
Arc Cast Sheet, After 
Autoclaving: 
Before Lithium Test: 30,20 6,3 2,2 63,ll 
After Lithium Test: 43,26 2 -  2,1 52 + 0.10 
(a) Container capsule: T-111; nitrogen concentration of lithium before test = 12 ppm 
(b) Sheet specimen thickness: 0.010 inches 
( c )  Autoclaving treatment: 
(d)  First number: GE-SPPS analysis; second number: GE-NMPO analysis 
3 hours at 3180OF in 10,000 psig helium 
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250X E970311 500X 
(a) Before Exposure to Lithium 
E970 3 12 
250X 
Figure 23. 
E970411 5 0 0 X  E970413 
(b) Following Exposure to Lithium 
Metallographic Appearance of Heat Treated W-30Re-30Mo(a/o) 
Powder Product Sheet Before (a) and Following Exposure t o  
Lithium f o r  100 Hours a t  2600OF. The Second Phase i n  the 
Microstructures is sigma. 
Etchant: 20% Murakamis 
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250X E970711 500X E970712 
(a) Before Exposure to Lithium 
250X 
Figure 24. 
E970811 500X E970812 
(b) Following Exposure to Lithium 
Metallographic Appearance of Heat Treated W-30Re-30Mo(a/o) 
Arc Cast Product Sheet Before (a) and Following Exposure 
to Lithium for 100 Hours at 2600OF. The Second Phase in 
the Microstructures is sigma. 
Etchant: 20% Murakamis 
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IV. FUTURE PLANS 
A. Prepare a test plan for repair of the T-111 Corrosion Test Loop 
boi ler . 
B. Distill the residual alkali metal from the test loop in preparation 
for repair of the test loop. 
C. Investigate the possible source of the particulate matter observed 
in sampling the alkali metal after test operation. 
D. Complete the fabrication of the 2600'F Lithium Loop. 
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